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When you reach the 
problem of CONTROL 


— 


In your equipment design, you will encounter 
a control problem. Maybe its solution calls for the 
application of an off-the-shelf device. Maybe it calls 
for a slight modification of standard equipment. 
Maybe it requires specially designed control. 

Here's where your Allis-Chalmers field engineer 
can help you. He is an application specialist . . . 
ready and able to work with your staff to determine 
your control needs. His suggestions and analyses 
are backed by the Allis-Chalmers engineering de- 
partments . . . by the experience gained in solving 
thousands of control problems . . . by complete test- 
ing and research facilities, 

Specify Allis-Chalmers control and get an all- 
important plus — personal, expert attention to your 
particular control problem. Contact your nearby 
A-C representative or write Allis-Chalmers, Mil- 
waukee 1, Wisconsin. A-4052 





Regulex is an Allis-Chalmers trademark. 
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Cer the Foto 


Just Moments? 


For years we have accepted “Mo- 
ments of Inertia” as an engineer- 
ing term and thought it was a nat- 
ural title for last month’s engineer- 
ing data sheet. But to a colleague 
in our business department the 
term means something totally dif- 
ferent. His comment on seeing the 
title: “In our business we have 
hours, days and weeks thereof. But 
we'll live longer, I hope!” 


Fountain of Youth 


As we all know, there is no 
substitute for the good old hard- 
headed brand of common sense 
when it comes to sound engineering 
analysis. As earthbound mortals 
we may find though that these 
straightforward principles will 
have to be abandoned when we 
take our next flight into space. 
While we don’t pretend to be able 
to fathom the mysteries of the 
Theory of Relativity, as it applies 
to our familiar concepts of speed, 
time, etc., a discussion in the Jour- 
nal of the British Interplanetary 
Society clarifies the problem of 
how to grow old gracefully: “The 
fact that it is theoretically possible 
to travel at nearly the speed of 
light and then return to one’s 
point of origin thousands of years 
later, having aged only a few 
years oneself, is just one of those 
things that must be accepted un- 
less you can follow the mathe- 
matics of the Theory of Relativity! 
The effect has been experimentally 






demonstrated in cosmic ray studies, 
so it’s not merely something that 
the mathematicians have worked 
out on paper! Personally, I don’t 
see why it should be a bigger 
paradox than the fact arising from 
the same theory, that matter can 
be converted into energy. And 
that is something that few people 
will deny today!” 


Contemporary Design 


One of our most popular features 
is the Contemporary Design section 
in which are displayed machines 
typical of the designs executed by 
your contemporaries. The short 
articles are intended to help you 
keep abreast of design techniques 
in the whole field of machine de- 
sign. Hitherto we have presented 
these articles on consecutive pages, 
but beginning with this issue we 
shall distribute them throughout 
the main editorial section. Our rea- 
son for so doing is purely practical: 
We can use the Contemporary De- 
sign articles to simplify the job of 
laying out our pages, permitting 
separation of major articles which 
might conflict through backing up 
of last and first pages. Such con- 
flicts in the past have automatic- 
ally cut in half the available supply 
of clip sheets of certain articles 
which we can furnish through our 
posteard service (Page 177). 


This Month's Cover 


With Stanley Albright’s three- 
part article on designing springs 
for lower cost beginning in this 
issue, it seemed highly appropriate 
to use this versatile machine ele- 
ment as the basis for a cover de- 
sign. George Farnsworth has ar- 
ranged a selection of springs in a 
novel design which we hope you 
will like. 
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Cutting Costs—Interest or Enthusiasm? 


LWAYS a primary factor in engineering design, costs today loom 
larger in importance than ever before. In a recent MACHINE DESIGN 
survey of current design changes, cost reduction was given as the 
principal reason for change by three-fourths of those questioned. Cost 
reduction also has been consistently reported to us as the No. 1 problem 
in the minds of design engineers, in our continuing study of reader problems. 

Because the greatest potentials for cutting manufacturing costs lie in 
the hands of design engineers, management has a very vital interest in 
their efforts and should employ every possible means to aid them. Too 
often the decree goes out “Cut costs!” without the necessary detailed in- 
formation being furnished on present costs or on the factors that govern 
costs. In some places it is harder to learn the facts on costs than it is to 
discover the secret of the atom bomb. 

Again, the design engineer who is expected to work miracles in cost 
reduction (and often does) frequently is nearer the low end of the salary 
scale than the high. It is asking a lot of human nature to expect such a 
man to extend himself in paring costs “for the company” without any sort 
of incentive such as certain other types of employees enjoy. 

To achieve maximum effectiveness in reducing costs through design 
two conditions, at least, are essential: 


1. Design engineers must have access to cost data, even of the 
“confidential” variety if necessary 
2. Adequate incentive to cut costs must be offered to designers. 


Through a program based on these principles the design engineer 
acquires an understanding of where the cost-cutting potentials are, as well 
as how cost savings may have a direct effect on the stability of his own 
job. Being in the confidence of management and in a position to participate 
financially in the benefits of his own efforts, through some sort of bonus, 
incentive or profit-sharing plan, the design engineer is faced with a new 
personal challenge. Reinforcing his natural pride in a job well done, this 
additional challenge can bring out latent ingenuity in designing particularly 
for economy and can spell the difference between mere interest and genuine 
enthusiasm. 
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DEVELOPING 


NGINEERING development perspective is pro- 
vided dynamic emphasis in this statement of a 
business executive, “Eighty-five per cent of our 

business volume today comes from products we didn’t 
know about ten years ago. At the same time, older 
members of our product family earn more today than 
they did ten years ago.” Any business man would be 
proud of such a record of operating achievement. 

Product development represents one of the few re- 
maining frontiers open to businessmen. Horizons are 
unlimited. Opportunities abound. Product program- 
ming is “big business” in big businesses because large, 
established corporations recognize this vital function. 

New product development scares some executives. 
Too risky, they say. But it wasn’t too risky for their 
grandfathers who founded the business. Risk is an 
inherent element in progress. All business involves 
risk. It can be a calculated risk. Successful develop- 
ment programs are built with calculated risks and ex- 
ecutives can reduce the element of risk in their pro- 
grams to a level where they are comparable to credit 
risks. 


Systematic Planning of Programs: Development 
programming of this type can be executed by any firm 
that sets up its development program in the same way 
that it sets up its accounting system. Under such a 
system, a calculated risk is built into the program in 
the same manner in which it is built into an account- 
ing system. 

In accounting systems the degree of risk is depend- 
ent upon the thoroughness of checking data, accuracy 
of data, and by establishing criteria to act as controls. 
If John Doe wishes to borrow money, he must apply 
for credit in a manner dictated by the system of a 
particular bank, credit union, or other institution. 
Their respective systems dictate the procedure to be 
followed in collecting data about John Doe and this 
collected data is evaluated in accordance with estab- 
lished criteria. The directors of the institution deter- 
mined the risk they would absorb in extending credit 
when they indicated the data that would be required 
concerning John Doe and the tests that this data 
would be required to meet. 

Successful firms depend on product programs that 
function on such a systematic basis. All new product 
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Pris ope ° 
per eerait By Philip R. Marvin 
gts Vice President 
2 | Commonwealth Engineering Co. 
Dayton, Ohio 


ideas must be developed through each of the steps 

and meet the requirements of criteria established for 

the various steps along the course of development. 
#4 Ideas that meet these tests become products in the 

+ corporation’s product line. 

In sharp contrast is the product development prac- 
tice of the corporation that expects its new idea to 
grow like Topsy. Often failure shows up at a dis- 
couragingly late date after the investment of sizable 
sums of money. To point this up, one case is extreme- 
ly pertinent in illustrating trouble caused by lack of 
planning. A medium sized manufacturer conceived 
a particularly novel electrical appliance and after 
some research and development modeled the device. 
He ran some spot field tests and the results were most 
favorable to the further development of the product. 
Production was scheduled and a national advertising 
program was undertaken. Everything proceeded ac- 
cording to schedule and deliveries were made to re- 
° : tailers. Then the program came to an abrupt halt. 

No major outlet could put the product on sale because 
the product did not carry the all important label that 
the Underwriters’ Laboratories make available for 
manufacturer’s products that have been submitted for 
fire insurance safety certification. Major outlets re- 
of quire such certification in order that they, as retailers, 
may qualify for product insurance on their merchan- 
dise. 
" Since these outlets would not stock the item, na- 
a tional advertising was not worthwhile and without 
this, production volume would be reduced to a point 
where the product would be priced right out of the 
market. 

This firm barely survived the delay encountered by 
the new test period required, minor design change 
period to incorporate the added customer safety fea- 
tures in the device, final test period and reprocessing 
time to incorporate the new features in existing stock. 

In systematic programs, Underwriters’ Laboratories 
tests are always a major consideration during the de- 
velopment of the prototype model. While systems are 

es not and cannot be claimed to be infallible, they are 
highly successful in reducing costly errors. 








— 
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: Steps in Idea Development: Ideas pass through thir- 
= : oat ty-three steps before they become successful end prod- 
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. Product Concept. 


Basic product ideas are established and 
defined. 


Preliminary Screening. 
An initial appraisal to eliminate product 
ideas obviously impractical or otherwise 
unacceptable. 


Patent Search. 


Identify controlling patents, licenses and 
unprotected areas. 


Preliminary Technical-Economic Survey. 


General investigation to assess: 
Practicability of the product 
Nature and size of market 
Sales methods 
Manufacturing requirements 
Management, personnel and organiza- 

tion requirements 

Profit potential (effect of taxes) 
Breadth of corporate charter 


5. Literature Search. 


Available literature relating to the prod- 
uct concept and the market should be 
reviewed and pertinent data accumulated. 


6. Final Screening. 


Acceptance or rejection of ideas at this 
point is based upon findings of the lit- 
erature search, preliminary technical- 
economic survey and the patent search. 


7. Project Scheduling. 


Assign: 

Funds—Establish a budget adequate 
for development and preliminary 
market testing 

Priority—Establish a _ timetable 

Manpower—Establish an organization 


8. Development of Preliminary Technical- 
Economic Survey. 


Amplify investigation of subjects cov- 
ered in the preliminary technical-eco- 
nomic survey and establish basic accept- 
ability of product for commercial ex- 
ploitation. 


9. Research. 


Establish basic new principles and data 
related to the project. 


10. Development. 


Construct a preliminary model. 


11. Engineering. 


Incorporate sound principles of con- 
struction in the model. 


12. Management Review and Approval of 
Pilot Run. 


Based upon data available management 
should determine the advisability of a 
pilot run for the purpose of gathering 
additional manufacturing and marketing 
data. 


13. Design Review. 


Prior to a pilot run, the design should 
be reviewed to make certain that it in- 
corporates the best features for: 

Performance. 

Production. 

Serviceability. 

Cost. 

Sales appeal. 


14. Prototype Model. 


A model is constructed which represents 
the product to be offered for sale. 


15. Engineering Tests. 


The prototype model is given a perform- 
ance test in the engineering department. 


16. Field Tests. 


The prototype model is given a test un- 
der actual working conditions. 


17. Review of Test Data. 


Test data are analyzed and designs are 
revised to improve: 
Performance. 
Ease of manufacturing. 
Serviceability. 
Cost savings. 
Sales appeal. 


18. Redesign. 


The prototype model is redesigned to 
incorporate new design features, Final 
product styling is also incorporated in 
the model at this point. 


19. Production Review and Redesign. 


The design is reviewed and design modi- 
fications made to improve ease of pro- 
duction and to lower cost. 


20. Final Model. 


All final design modifications are incor- 
porated in this model. 


21. Preliminary Production Analysis. 
The design is processed for manufac- 
turing. 


22. Elements to be Manufactured. 


Parts of the product to be manufactured 
by the corporation are selected. 


23. Elements to be Purchased. 


Parts and sub-assemblies of the product 
to be purchased are selected. 


24. Realistic Cost Analysis. 


Manufacturing and purchased parts costs 
are established. 


25. Pilot Run. 


A small quantity of the product is pro- 
duced to test manufacturing cost esti- 
mates and the marketing program. 


26. Initial Market Test. 


The pilot run is marketed in a selected 
area for experimental and analytical 
purposes. 


2]. Management Review and Approval of 


Production Release. 


Results of the market test are examined 
by management. If the profit outlook 
appears favorable, production is released. 


28. Service Organization. 


Service facilities are organized. 


29. Distribution Organization. 
Distribution channels are organized. 


30. Installation of General Sales 
Organization. 


The selling organization is installed 
along with service facilities. 


31. Production Tooling. 


Equipment, tools, gages and fixtures are 
made ready for production. 


32. Production. 
Manufacture commences. 
33. ‘‘Bread and Butter’’ Production and 
Distribution. 


The product is manufactured and sold. 
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ucts. Steps assume varying degrees of importance, 
but each must be evaluated. An omission can be an 
open door to trouble. 

These thirty-three important steps are completely 
outlined in the listing shown in TABLE 1 along with 
pertinent comments. 


Time to do the Job: Action is the catalyst in any 
successful program. Product programs that are well 
planned are headed toward successful outcomes, but 
only if they are placed in motion. One corporation 
that has enjoyed prosperity for several generations 
of owners has a well qualified research and develop- 
ment committee. The members of this committee have 
been appointed with great care after a review of per- 
formance in their respective departments. To further 
attest to their skill as a research and development 
committee, fifteen product ideas they have selected as 
having great potential have all in the past ten years 
been successfully introduced on the market—by other 
firms. 

Why ?—because they don’t have time to develop 
the products they locate. These men, these committee 
members, have more than full time jobs in their reg- 
ular duties. They can squeeze some time out for 
committee meetings but these meetings tax reserves. 

Mechanical product development takes time. Some- 
One, somewhere must make this time available or prod- 
uct programs won’t move. To execute a program, 
management and staff time must be scheduled for the 
job. The day of the indispensable man is over. A 
product program is important to the corporation. If 
there isn’t personnel time available to do the job, 
management’s first job is to locate personnel to do 
the job. 


Perspective in Programming: Good engineering man- 
agement incorporates perspective when its executives 
fan see objectives, facilities, and the scope of the de- 
velopment problem and see these three in their proper 
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relationship simultaneously. This is a real stumbling 
block in any program because the man who meets this 
test is usually too busy to make time available for the 
job. 

A successful machine tool builder is currently faced 
with this problem. His chief executive is overloaded. 
He can’t devote time to product development. Yet 
product development has been the basis for the firm’s 
growth. Unless someone injects perspective into the 
development program it will certainly fail to accomp- 
lish its objectives. 

Knowledge of the firm’s objectives is a vital ingredi- 
ent in this mix. Such questions as (1) To what extent 
will management approve radically new ventures? and 
(2) How soon will they expect tdngible results in the 
form of profits? must be answered. 

Moreover, knowledge of the firm’s facilities, equip- 
ment, and personnel enter into sound programming. 
Any new product program, to be successful, must cap- 
italize on these assets. Utilization of equipment and 
personnel both from a short-run and long-run view 
should be taken into consideration in planning new 
products. All these factors are a very real part of 
the economics of the problem. Finally, perspective re- 
quires the ability to see the scope of the product prob- 
lem. Product programs extend from ideas to “bread 
and butter” production. 

All programs must start out by developing a flow 
of new ideas that can be screened in the final phases 
of preliminary analysis. In a product development 
program, a search is a major undertaking. The job 
is not just to get some new ideas, but rather to try 
to get all the new ideas that may exist anywhere that 
bear on the program. Since competitors are trying 
to do the same thing, the search becomes a race for 
ideas. 

Executives closely concerned with going products 
admit that they are uncomfortable when dealing with 
new products. One executive remarked that he is 
aware that new products are essential but is forth- 
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right in admitting that he just can’t carry through 
programs with any degree of enthusiasm. 

“New product ideas don’t have any handles,” he 
says. “I am used to thinking in terms which involve 
certainty, know-how, and experience. New product 
ideas represent departures from everything I have 
been schooled by training and practice to guide my 
thinking.” On the other hand, the product develop- 
ment manager should be equally adept at dealing with 
these novel ideas. He should see “handles.” 


Incorporating Know-How: At a meeting called to 
consider the corporation’s product line for the coming 
year, a number of carefully considered ideas were 
thrown on the table fur consideration by the president, 
the sales manager, the production manager, and a 
member of the board of directors who followed such 
matters closely. The discussion lasted several hours 
and a decision was reached to go forward with sev- 
eral of the ideas. 

This case is significant because it has been dupli- 
cated many times. To management men, it recalls 
other such similar situations in which they have been 
active participants. They can probably anticipate the 
course of events which followed. 

Little progress was reported at the next meeting. 
Each of the men present at the meeting had taken 
some action but an overall view revealed that the ac- 
tion that had been taken was essentially ineffective. 
The decision to go forward meant different things to 
the different men. Urgency is a word inherently rela- 
tive and subject to interpretation in varying degrees. 

The primary difficulty that these men faced was the 
difficulty of finding the handles to use in taking hold 
of a new product idea. The steps in the development 
of an idea into a product are in themselves a tool. 
They focus attention on one phase of the process at 
a time. 
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Some are more adept at executing these steps than 
others. Principally this is a mattere of experience, 
a matter of combining background, skill, and knowl- 
edge gained through practice. These ingredients are 
the important ones in any phase of business operations. 

Either such skill must be located within the organ- 
ization or it must be brought into the organization 
from the outside by means of one of the several ways 
in which this can be accomplished. It must be made 
available. The most successful product programs are 
those that are managed by people who know how to 
do this job because they have done it before success- 
fully. 


Toleration of Independence: If a product is new, it 
is different. If it is different, it does not conform to all 
of the established concepts of finance, production, and 
distribution that are so familiar to the executive mind. 

Expect the new product idea to unfold a series of 
new concepts. This contribution to executive thinking, 
and the stimulating challenge which accompanies, 
could well turn out to be of as much value, and maybe 
even more, to the corporation’s operations than the 
value of the new product that catalysed these intang- 
ible returns. 

Tolerance like virtue has its own rewards. This is 
especially true when dealing with the creative powers 
of the inventor’s and researcher’s mind. 


Necessary Tools: Product programs should be ex- 
pected to have requirements in the way of tools of 
the trade. These will depend on the nature of the pro- 
gram and the scope of its activities. They range from 
& workbench at one extreme, to a research laboratory 
at the other, and include libraries, specialists and pilot 
facilities. Stand-by capacity in both early and late 
phases of development is also a valuable tool. 
Development devoid of these will degenerate. Judg- 
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ment, judicious in its selection and utilization of these 
scarce and costly tools, contributes as much to the ul- 
timate success of development as the product of the 
creative mind. Either too much too soon or too little 
too late can cost valuable time and money. 


Planning for Profits: Product programming calls 
for a realistic approach. The future is the stake. 
Recognize all the steps between ideas and production, 
find time to do the job, provide for perspective in pro- 
gramming, incorporate knowhow, tolerate independ- 
ence and make tools available. Basic problems must 
be pinpointed. The importance, place, and cost of 
compromises must be recognized. 

This is management planning for profits. 





They Say... 


“It has been remarked by some who have viewed 
our profession objectively that many of us are short 
in persuasiveness, in the art of convincing or per- 
suading others, and particularly outsiders, that our 
view of facts and figures is correct. We may know 
the truth—that is, the facts and figures, but we are 
not always adept at interpreting them for others. 
You recall the anecdote about Mark Twain, a swear- 
ing man, and his gentle wife. When Mark’s collar but- 
ton fell on the floor and rolled away his language 
was pretty bad. He didn’t know his wife was within 
hearing. Then he heard her repeating his exact words. 

“ ‘Livy,’ he said, ‘you got the words all right, but 
you don’t know the music.’ 

“Sometimes that’s true of us. We know the facts 
but we can’t play the tune. Maybe the answer is to 
be found in making up our minds to learn the music 
and then to practice it.”—-LEwis A. VINCENT, general 
manager, National Board of Fire Underwriters. 
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FACES for multiple disc brakes 
eliminate conventional rivets or 
Bendix Products Div. of Bendix 
Aviation Corp. employs a cer- 
amic-base friction material re- 
tained in shallow metal cups 


bonding and reduce wear and 
maintenance problems. Ceramet- 
allic brake lining developed by 


P RESSED-IN FRICTION SUR- 
wear and temperature. In addition relining 


time is substantially reduced and the elimina- 
tion of rivets increases the usable lining thick- 


which are snap-fastened to the 

brake stators. Design of the 

discs eliminates run-in, improves 

conductivity and resists deterioration from 
ness available for wear. 
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Aromatic Loap MONI- sal | 
TORING to expedite traffic in 
Otis elevator systems operating 


| on 

without attendants is achieved L ‘=e ava 

with a novel deflection weighing ] y nS 

mechanism. Compression of rub- \ N “) 
a Rr 





ber-pads under the car platform 
by interior passenger loads trips 
a Microswitch, dispatching the 
car from a terminal ahead of 
time and causing the filled car to 
run “express.” Operation of the 
device permits the car to an- 
swer interior signals but outside 
calls are bypassed until the load 
is reduced sufficiently to take 
on more passengers. Design of 
the tripper permits adjustment 
for desired load capacity. 


























Accurate LOCKING for position and retention of heavy or bulky equip- 


ment is obtained with a novel clamp design developed by Frank Surenda of 

the Pittsburgh Works of Allis-Chalmers Mfg. Co. Employed with T-shaped 
guide rails, the clamp consists of two bolt-connected elements 
which abut against the mounted equipment and are designed 
to slide along the rails for position adjustments. Tightening 
of the bolt creates a jamming action, securely locking the 
clamp and the bolt adjustment. 
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F LUID PRESSURE EJECTION of shafts in 
eee press-fitted assemblies facilitates maintenance 
Zork greose and simplifies troublesome disassembly problems 


fitting 
used by breakage. In the “Renu-Shaft” rolls 
MOA odied by Rodney Hunt Machine Co., a 4 


YUU py ass on rl hen, cond by 2 Zen iting 


psi to be fed to the end of a press-fitted shaft. 
P*— Roll head The large end force generated causes steady re- 
moval of the shaft, reducing disassembly time 
1" . to a few minutes. To assemble the shaft, the 
= Minimum grease passage is filled, the shaft is driven to 
within 4%-inch full depth and the Zerk fitting 
is closed. 





























Ex PANSION 
LOCKING of ro- 
tating members 
without setscrews 
or keyways pro- 
vides a secure con- 
nection for torque 
transmission and eliminates surface discon- 
tinuities. Developed by N. A. Woodworth Co., 
expanding hollow steel “bubbles,” slotted for 
flexibility, are employed on a diaphragm arbor 
to achieve rapid, precision internal chucking of 
parts. Forced elongation of the bubble reduces 
the outside diameter and permits assembly of 
parts. Expansion of the bubble when the force 
is removed locks the parts securely in place. 
Accurate, concentric alignment of parts is as- 4 
sured by the design which may be manual or lle 


power operated. 
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CrLiuiar CONSTRUCTION of electronic assemblies improves 
circuit reliability and facilitates maintenance and replacement of 
components. Developed by the National Bureau of Standards, 
standardized two-tube subassemblies built-up of small molded plastic 
cells, each containing one or two circuit elements (resistors, ca- 
pacitors, inductors), can be interconnected through suitable printed- 
circuit base plates to form different types of circuits varying both 
in size and complexity. The individual molded cells, measuring about 
% by % by %-inch in size, have top and bottom contacts and are 
held in place by spring extensions from the tube socket contacts, 
eliminating the soldering and multiple connectors usually required 
and facilitating replacement. In addition, the two-tube “bulding 
blocks,” which are secured to the base 
plate by screws, can readily be removed 
as a unit for rapid repair and maintenance. 
Modifications in cell size, number of tubes 
and printed-circuit patterns offer further 
possibilities for increased flexibility in 
meeting equipment requirements. 
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RODUCTION of. parts by electrodeposition of a 
metal on a removable mold or matrix is a process 
over 100 years old. It was first applied to the 
manufacture of electrotypes by a Russian, Jacobi, and 
two Englishmen, Spencer and Jordan, in 1839. It 
might be expected that a process known so long would 
have been developed to a high degree of perfection 
and extensive applications many years ago. The fact 
is, however, that except for a few special applications, 
such as production of electrotypes and phonograph 
record dies, the uses of electroforming prior to fairly 
recent years were few and far between, and many en- 
terprises in this field were short-lived. 

In the past 10 to 15 years, electroforming has been 
applied to a wide variety of articles at an accelerating 
pace, until today it occupies a significant position 
along with other methods of metal fabrication. There 
are probably many reasons for this growth, but two 
seem to be dominant. One is that many of the com- 
ponent parts needed in present-day military equip- 
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ment are of such intricate design that they can be 
made economically by no other methods. The other 
is that successful electroforming requires rather close 
technical control of the plating and related processes, 
and it is only during relatively recent years that plat- 
ing has evolved from an art to an accurately con- 
trolled process. 

This expansion in the applications and volume of 
electroforming justify considering some aspects of 
the subject that have direct applications for the de- 
sign engineer. 


Application of Electroforming: Design engineers 
can be guided by certain general principles in decid- 
ing whether electroforming is a feasible method for 
making a given part. Following are some of the more 
important criteria: 

Form: Many shapes can be electroformed, both sim- 
ple and complex. If parts are of such form that they 
can be readily made by standard methods, such as 
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Considerations for 
obtaining most satis- 
factory and econom- 
ical components by 
electrodeposition 


machining, casting, stamping or drawing, electro- 
forming cannot usually compete on a cost basis. How- 
ever, even in the case of simple shapes, electroforming 
is sometimes the best fabrication method. For ex- 
ample, a thin-walled part such as a pen-cap has been 
successfully and economically manufactured by elec- 
troforming. The thin wall permits a high rate of 
production and makes possible a good as-plated finish. 
An additional advantage in this application is that a 
machining operation that is required for mechanically 
formed caps is unnecessary with the electroformed 
caps, 

On the other hand, electroforming is not restricted 
to simple shapes. On the contrary, one of its impor- 
tant advantages is that shapes that are too compli- 
cated to produce economically by standard methods 
can be reproduced at a practical cost by electroform- 
ing. A good example is a spiral pin-cam used in com- 
puting mechanisms, Fig. 1. 

Another example of a complicated shape is the six 
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Fig. 2—Left—Waveguide components, including magic T, 


Fig. 3—Below—Flexible plastic glove, top, formed in elec- 
troformed hand mold, bottom. Courtesy Army Prosthetics 


Fig. 1—Extreme Left—Spiral pin cam used in computing 


mechanisms. Courtesy U. S. Rubber Co. 


six-arm bridge, and transition section 


Laboratory 


arm bridge shown in Fig. 2. In this case the matrix 
is assembled from six closely-fitting arms held to- 
gether with screws. On completion of electroforming, 
the screws are removed and each arm of the matrix is 
individually withdrawn from the electroform. A 
built-up matrix of this type can often be used when 
the shape would not permit the withdrawal of a one- 
piece matrix. 

Another class of components that may be considered 
under the heading of form is that containing “grown- 
in” components. For example, pins or plates that are 
to project into the inside of a wave-guide can be in- 
corporated in the mandrel. The electroformed metal 
adheres to or firmly embeds the projecting portion of 
the insert and it becomes an integral part of the com- 
pleted piece. Likewise, contact wires can be “grown- 
in” to an electroformed commutator or slip-ring ele- 
ment. 

S1zE: Parts of almost any size can be made by 
electroforming. The sizes of parts that have been 
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made range from tiny silver slip-ring assemblies to 
searchlight reflectors five feet in diameter. Even 
larger parts have been electroformed. 

DEPOSIT THICKNESS: Parts such as hollow spheres 
and tubes have been made with wall thicknesses of 
only a few ten-thousandths of an inch. These parts 
could have been made by no other method. Thick de- 
posits can also be readily made. Molds for plastics, 
and metal forming dies are examples of thick-walled 
electroformed parts. The practical upper limit of 
thickness may be considered to be in the range of 4 
to %-inch. Cost naturally increases with deposit 
thickness. 

ACCURACY OF REPRODUCTION: One of the important 
features of electroformed parts is the high accuracy 
of dimensions and finish that can be obtained. Scratch- 
es of the order of one-millionth of an inch in width or 
depth are accurately reproduced. Ability to repro- 
duce a high surface finish is of special value in pro- 
ducing parts such as mold cavities for plastics, and 
waveguides for microwave transmission. The desired 
finish and tolerances can be readily applied to the out- 
side surface of the matrix, and are automatically re- 
produced on the inside of the waveguide, whereas to 
achieve the same finish and accuracy on the inside 
by machining methods would be nearly impossible. 

PRODUCTION RUNS: The number of pieces of a given 
design to be made may be an important factor in de- 
ciding between electroforming and some other method 
of fabrication. For example, suppose that an experi- 
mental assembly contains a cup-shaped part and, to 
determine the optimum dimensions of this part, trial 
of several sizes and shapes is necessary. The experi- 
mental parts can be readily made at moderate cost 
by electroforming. However, once the design is fixed, 
a large number of this design could be made at a low- 
er cost by drawing. Much time and the relatively 


high cost of several drawing dies are thereby saved. 
To summarize, electroforming should be considered 
as a production method in the following cases: 


1. For simple, symmetrical, thin-walled parts. 

2. For complicated parts capable of reproduction by 
electroforming where machining is difficult and 
costly. 

. For parts in which components can be readily 
“grown-in” which could not be assembled by stand- 
ard methods. 

. For parts with critical inside dimensions and finish 

. For small numbers of parts where standard meth- 
ods of fabrication involve high tooling costs. 


Types of Mandrels: The mold or matrix upon which 
the electroformed part is made is usually a negative 
of the desired product. An underdimensioned positive 
mold can also be used, but the outside surface of the 
product will not be an accurate reproduction of the 
part being made unless it is thin-walled. 

Matrices can be made by any standard method of 
fabrication, such as casting or machining. FElectro- 
forming is also a good method for making matrices. 
A number of highly accurate negative matrices may 
be made from a single machined positive. 

Matrices may be classed as permanent, soluble, or 
fusible, and their basic characteristics are: 

PERMANENT TYPES: A permanent, or reusable, ma- 
trix is used when shape is such that it can be with- 
drawn without damage to itself or to the electro- 
formed part. A metal is usually used for this type 
of matrix although wood, glass, or plastic can be 
used. A wide choice of metals is available. Each 
matrix material has certain advantages and limita- 
tions. The more common materials are outlined. 

Plain Steel: Plain steel can be machined accurately. 
is readily available, and cost is low. It cannot be used 


Fig. 4—Below—Cross-sections of hypothetical matrix con- 
tours. Sharp corners, a, undesirable design, and, 5, desir- 


able design 
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_ Fig. 6—Cross - section of an_ electrodepusit 
- in a filleted internal right-angle. The lines indi- 


cate the changing form of the de 


without a suitable protective coating in acid copper or 

not iron-chloride plating solutions owing to chemical 
ittack by these solutions. It can be used without a 
protective coating in a nickel solution or in any cyan- 
ide type plating bath. Plain steel may be plated with 
an adherent coating of any corrosion-resistant metal 
to permit its use in these corrosive baths. For exam- 
ple, nickel, chromium, or silver may be used. These 
coatings also facilitate formation of separating films 
on the matrix. The high hardness of a matrix coating 
of chromium prevents damage by accidental scratch- 
ing or denting. If the matrix is to be used in a cor- 
rosive bath such as copper sulfate, a rather heavy 
coating of the protective metal should be used, e.g., a 
minimum thickness of 0.002-inch. 

Stainless Steel and Inconel: These alloys have good 
corrosion resistance and are inert to most plating so- 
lutions. The natural oxide film, which is responsible 
for the passivity of these alloys, prevents adhesion of 
most deposits. However, it is usually desirable to 
insure passivity by special treatment. These alloys 
are not very hard and unless matrices made from 
them are very carefully handled, a high surface fin- 
ish will be damaged. 

Invar and Kovar: The important characteristic of 
these alloys is their unusually low coefficient of ex- 
pansion. They also have natural passivity similar to 
that of stainless steel. High cost and poor machina- 
bility are disadvantages. They are most useful for 
long untapered matrices. In this situation, as a result 
of their low coefficient of expansion, heating of the 
electroformed part on the matrix may result in suffi- 
cient differential expansion to facilitate withdrawal. 

Brass: Brass has good machinability and is low in 
cost compared with the special alloys. If it is plated 
with a suitable coating such as nickel, chromium, or 
silver, it can be used in any plating solution. 


posit in the 
corner with increase in thickness, and show the ini- 
tiation of a cleavage plane in the corner when the 
deposit thickness exceeds the radius of the fillet 
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Glass and Quartz: These materials can be ground 
to extremely small tolerances and to a very high sur- 
face finish. High cost of machining and fragility are 
disadvantages. Surface strains may cause failure by 
crazing. Glass matrices must be coated with a con- 
ducting film. Silver, applied by either chemical reduc- 
tion or by evaporation, is usually used. 

Wood, Plaster, Plastics: High tolerances cannot be 
held with these materials, especially wood and plaster. 
Plaster matrices are likely to be damaged when re- 
moved and are therefore not strictly reusable, but are 
considered here because they are neither soluble nor 
fusible. The surface pores of both wood and plaster 
must be sealed with varnish or wax, and require ap- 
plication of an electrically conducting coating. Cop- 
per or silver powder in a lacquer vehicle is usually 
used. Plastic matrices can be made with a high finish 
and fairly small tolerances (+0.001-inch), which 
would be lost if a conducting lacquer were used to 
make the surface conductive, Therefore, a thin silver 


film is usually applied, either by chemical reduction 
or by evaporation. 

These matrix materials have a definite place in some 
applications. 


For example, plaster is used to make 



























Fig. 7 — rhs 8 oa of a PR cyanide 

copper deposit in a filleted internal right angle. 

This gives confirmation of the structure shown 

geometrically in Fig. 6. Deposit thickness: ap- 

proximately 0.06-inch; radius: 0.04-inch; magni- 
fication, 50 x 















molds for art objects, face masks, etc. Flexible plas- 
tic or rubber molds are useful for large-tolerance parts 
with undercuts, because they can be withdrawn and 
reused. An interesting and important application of 
electroforming that utilizes a flexible matrix is the 
production of nickel molds for prosthetic gloves, used 
for covering mechanical hands for amputees, Fig. 3. 

A special type of plastic matrix is one which re- 
mains a part of the finished article. Two examples 
of articles in this category are electroformed slip- 
rings and commutators, and electroformed circuits. 
Slip-rings and commutators are made by building up 
thick deposits of silver in grooves molded or machined 
into the plastic base. Electroformed circuits may be 
made by depositing silver or copper on a pattern 
printed with a conducting paint, in order to increase 
the conductivity of the circuit. 

SOLUBLE TYPES: A soluble matrix is useful in the 
following situations: (1) When a higher finish and 
smaller tolerances are desired than can be obtained 
with a fusible matrix, but where a permanent matrix 
cannot be withdrawn; (2) in cases where creep would 
distort fusible metal or wax matrices; and (3) in 
cases where a thin-walled ele.croformed part has in- 
sufficient strength to permit withdrawal of the matrix. 

Soluble matrices are most commonly made of alu- 
minum, which can be dissolved by a caustic solu- 
tion without attack of electroformed copper, silver, 
nickel or iron. Type 61S has been found to be a good 
aluminum alloy for this purpose, since its low copper 
content facilitates its solution in caustic—a protective 
copper film forms on the surface of high-copper al- 
loys which slows down the rate of dissolution. This 
alloy has good machinability. 

Polystyrene plastic matrices may be cheaply made 
with fairly close tolerances by injection molding, and 
can be removed from the electroformed part with a 
suitable organic solvent. 





Steel or zinc matrices can be removed by dissolving 
in hydrochloric acid. Steel, however, is not very prac- 
tical as a soluble matrix because it dissolves very 
slowly. 

FUSIBLE TYPES: In cases where the shape will not 
permit withdrawal of the matrix but where the ac- 
curacy of a soluble matrix is not needed, fusible 
matrices are used. Made from either low-melting al- 
loys or waxes, matrices are formed by casting, al- 
though wax matrices may also be pressure-molded. 
Casting may be done in simple molds of steel, plaster 
or wood, or in high-production applications by die- 
casting. Hollow spherical floats are generally pro- 
duced with a cast positive matrix and, as a typical 
example, electrotype molds are made with molded 
matrices. 

Alloys of the lead-tin-bismuth type, commonly with 
melting points of approximately 158 F, 255 F, and 281 
F are commonly used low-melting alloys. Many waxes 
can be used as matrix materials, including paraffin, 
bee’s wax, and electrotyper’s wax. Tolerances as low 
as +0.002-inch may be obtained with cast metals and 
waxes. 

SEPARATING AND CONDUCTING FILMS: Two subjects 
concerning matrices that are of much importance in 
electroforming are methods for separating the finished 
part from the matrix, and methods for applying con- 
ducting films to nonmetallic matrices. Several meth- 
ods have been briefly indicated. These subjects are 
not of primary interest to the designer generally with 
the exception of one separation method. 

It is sometimes advantageous to obtain separation 
of the electroform from the permanent metal type of 
matrix by plating the matrix with a thin deposit of a 
low-melting metal such as lead, tin, or cadmium, and 
then effect removal by melting the separating film. 
This method is especially useful in the case of deep 
cavities, or long tubes with no taper. If the dimen- 
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sional tolerances are small, the matrix must be made 
undersize to compensate for the thickness of the fus- 
ible plate which is usually of the order of 0.001-inch. 


Design Factors: Some design limitations have been 
indicated in the description of the types of compo- 
nents that can be electroformed. Most of these limi- 
tations are the result of the inability of a plating 
bath to produce a deposit of uniform thickness on an 
irregularly shaped matrix. A deposit tends to be 
thicker on projecting areas and thinner in recesses 
than the average thickness. If a recess is sufficiently 
deep, the bottom of the recess may receive no deposit 
at all. The degree of thickness uniformity which a 
given type of bath will produce on an irregular sur- 
face is a function of a qualitatively defined property 
of the bath, known as throwing power. 

Acid-type plating solutions, such as iron, nickel, and 
copper sulfate, have relatively poor throwing power, 
while cyanide baths such as silver and copper have 
relatively good throwing power. The electroformer 
can compensate to some degree for irregularities in 
form and low throwing power by the use of auxiliary 
conforming anodes; “thieves” (cathodic elements that 
rob current from areas such as edges and projections), 
and shields (nonconducting plates arranged to deflect 
the current from projections). 

These expedients add to the cost of the electro- 
formed part and if the need for them can be elimin- 
ated by designing for electroforming, a gain has 
been made. Functional requirements may dictate 
shapes and designs which pose problems for the elec- 
troformer, but these problems will be lessened if the 
designer knows of the limited throwing power of plat- 
ing solutions and if his goal is to minimize the prob- 
lems arising therefrom. Observation of the following 
rules will aid in achieving this goal. 

1. Recesses should be as wide and shallow as possible. 

2. Sharp internal angles should be avoided wherever 
possible. Internal angles should preferably be ob- 
tuse, with fillets at their apices. 

3. Projections preferably should have rounded con- 
tours and outside angles should have radii at their 
apices. 

These rules are illustrated diagramatically in Fig. 4. 

Quantitative data that would permit prediction of 
the deposit thickness on any part of a complicated 





Table 1—Deposit Distribution on Angles* 


Solution: Acid copper sulfate 
Current Density: 10-40 amp/ft? 
Length of side of angle: % inch 





Radius of 





Inside Fillet Ratio of Thickness 
at Apex at Apex to Thickness %4-inch from Apex 
(Inch) 45° 90° 135° 
Deposits on Inside Surface of Angle 
0.008 0.0 0.0 0.8 
-064 6 8 6 
Deposits on Outside Surface of Angie 
0.030 1.8 1.8 1.5 
.086 1.7 2.0 1.4 





*Data from work of Kronsbein and Morton, American Elec- 


troplaters’ Society Research Project No. 11. Proc. AES, 1949, 
Page 229. 
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shape would be very useful in electroforming, Un- 
fortunately, such data do not exist, but certain quali- 
tative relations between deposit thickness and angles 
can ‘be predicted. For example, in internal angles, 
the thickness of the deposit in the apex relative to the 
thickness at a distance from the apex should be less 
the smaller the angle and the smaller the fillet radius. 
On the outside of an angle, the reverse of these rela- 
tionships should apply. 

The data in TABLE 1 illustrate these points and 
show the order of magnitude of the thickness varia- 
tions that may be obtained. It will be noted in the 
table that the thickness ratios for 90 degrees, at the 
larger fillet radii, are out of line with the general 
rule. This is because the deposits on which these data 
are based were not all of the same thickness. The 
reason for a change in the thickness ratio with change 
in deposit thickness can be readily understood. For 
example, for an internal angle, the relatively thicker 
deposit at a point some distance from the apex causes 
the angle to become smaller with increase in thick- 
ness, and as the angle becomes smaller, relatively less 
metal is deposited in the apex. The data in TABLE 1 
can, therefore, be used only as a rough guide for es- 
timating deposit distribution in angles. The throwing 
power of nickel and iron baths is similar to that of 
the acid copper sulfate bath. 

Distribution of copper or silver plated in or on 
angles from cyanide baths will be more uniform than 
that shown in TABLE 1, because, as stated above, cyan- 
ide baths have better throwing power than acid baths. 

It is theoretically impossible to deposit metal in the 
apex of any sharp angle, and this is confirmed in 
TABLE 1. However, sharp internal angles do fill in 
with electrodeposits of sufficient thickness. The 
mechanism by means of which this occurs is shown 
in Fig. 5. Columnar crystals grow out from the 
sides of the angle to meet in a cleavage plane bisect- 
ing the angle. The strength of the metal in such a 
cleavage plane is very low. This condition can best 
be avoided by use of a fillet at the apex of the angle. 

Our experience indicates that the following approxi- 
mate rule applies: A fillet whose radius is equal to or 
greater than the thickness of the electrodeposited met- 
al will prevent the formation of a cleavage plane in 
the apex of an internal angle. Fig. 6 illustrates the 
geometric basis for this rule. It shows also that if 
the deposit is thicker than the radius of the fillet, a 
cleavage plane will form in the portion of the deposit 
in excess of this thickness. Such a “combination” de- 
posit in an angle will naturally be stronger than one 
with no sound deposit in the angle. An actual electro- 
deposit that has a structure as described is shown in 
Fig. 7. 

Two hypothetical matrices illustrating the above 
discussion of angles are shown in Fig. 8. A deposit on 
Fig. 8a would be weak along wxyz. However, this weak- 
ness is compensated by high strength along wz. A de- 
posit on matrix b would be weak all around wxyzw, 
and therefore a fillet is desirable if significant joint 
strength is needed. If a part with a design like b 
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requires both strength and a sharp corner, a sub- 
stantial thickness of metal can be first deposited in 
the corner, following which a fillet can be formed 
with solder, sprayed metal, low-melting alloy, or plas- 
tic. A sound deposit can then be built up over this 
fillet. The cross-section of such a corner is shown 
in Fig. 9. 

Sharp outside angles do not present as difficult a 
problem in electroforming as do sharp inside angles 
and can be employed if needed. However, if not es- 
sential, replacement by rounded off contours may re- 
sult in lower costs in the elctroforming operation, 
through elimination of thieving, intermediate machin- 
ing, etc. 

In addition to the above rules on angles and re- 
cesses, the following points should be considered by 
the designer: 

1. Certain combinations of metals as parts of the 
same matrix may present difficulties. For example, 
plain steel inserts or joining pins are just as suscept- 
ible to attack by an acid copper solution as are other 
parts of the matrix. This is often overlooked by the 
designer or machinist who places such inserts in a 
matrix made mainly of an inert material such as 
stainless steel. 

Copper or brass inserts in an aluminum matrix 
cause difficulty in preplating processing. All com- 
binations of this sort cannot be discussed here, but if 
such combinations are contemplated, the designer is 
advised to consult with the electroformer regarding 
their suitability. 

2. The design should include some sort of “handle”’ 
on the matrix. For example, a waveguide matrix re- 
quires extra unplated length to provide a reference 
point for machining the outside surface. A handle 
may also serve as a means for suspending the matrix 
in the plating bath and as a means for making elec- 
trical contact. 

3. In the case of permanent matrices, provision 
should be made for applying a separating force, for 
example, by means of a screw or an arbor press. 

4. In the case of soluble matrices, provision for cir- 
culating the dissolving agent through the matrix will 
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greatly increase the speed of dissolving. Thus, an 
aluminum matrix for a waveguide should be drilled 
with a hole extending its full length. 

5. As an approximate guide, it may be stated that 
average deposit thickness can be controlled to +10 
per cent. If the shape is simple, thickness variation 
from point-to-point may also be held within +10 per 
cent but if it is complex, the thickness may vary sev- 
eral-fold between thick and thin areas. 

6. The designer should consult with the electro- 
former at the earliest possible stage of the design. 


Metal Selection: Twenty-two pure metals can be 
plated from aqueous solutions. For various reasons, 
such as undesirable physical properties, or inability 
to obtain satisfactory thick deposits with presently 
known baths, only four of these are commonly used 
for electroforming. These are copper, silver, nickel, 
and iron. Some of the physical properties of these 
metals, as electrodeposited and after annealing or heat- 
treating, are shown in TABLE 2. One of the advantages 
of electroformed metals is that physical properties can 
be varied over a fairly wide range by simply chang- 
ing the conditions of deposition, such as solution com- 
position, current density, temperature, and addition 
agents. Physical properties can be further controlled 
by annealing, or, in the case of iron, by case-harden- 
ing. However, the latter treatments may lead to 
dimensional distortion. 

Included in TABLE 2 are some data on stress in 
electrodeposits. Positive values in this table repre- 
sent contractile stress. A contractile stress is present 
in most electrodeposited metals, and this may lead 
to subsequent dimensional changes. For example, it 
has been determined that stress causes a linear 
shrinkage of nickel electrotypes of about 0.1 per 
cent. Considerable work has been done to develop 
methods for reducing stress in nickel deposits. 

There are practically no published data on the effect 
of stress on the dimensions and stability of electro- 


Table 2—Typical Physical Properties of the Commonly Used Electroforming Metals 








Metal Plating Solution Tensile 8 h Ductility Hardness Stress 
(Ib/in.210-%) (% elong. in 2 in.) (VPN) (Ib/in.2x10-*) 

Copper Acid sulfate 33-48 42-83 Low 
High-speed cyanide 12-19 60-90 Low 
with periodic reverse current go j- 3 «ees» § «eee 100-220 Low 

Sliver ——- High concentration, high-speed cyanide ~~ (Rockwell 15W) 
Nickel Watt's (soft) eee a 10/30 140-250 3-40 
All chloride (medium hardness) 90-135 4-17 200-350 30-55 
Ammonium salt type (hard) 140-160 4-9 350-500 33-54 
tron Ferrous ammonium sulfate O33 ~~ 180-350 aoe 
Hot ferrous chloride 15-25 138-330 qj + --__— eeee-s 
Annealed at 900° C 25-40 50-90 j|(—-  ———— wees. 
Cobalt- As plated ~ O-slight eS 
tungsten Heat treated Ductile if heated 250-1000 sk we ee 

alloy above 900° C 

Cobalt- As plated Ot 350-700 26-36 
0 500-1100 eens 


Heat treated 
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formed parts. There is some evidence that thick de- 
posits, when constrained from moving, as is the case 
when deposited on a rigid matrix, undergo self-relief 
of their stress during deposition. 

In addition to its possible effect on dimensions, 
high stress in an electroformed part makes its re- 
moval from the matrix difficult because the stress, 
being contractile, shrinks it against the matrix. This 
statement does not apply to the cases where the part 
is electroformed against a flat matrix or on the inside 
surface of a matrix. 

If precautions are taken to obtain deposits with 
the lowest possible stress, dimensional changes result- 
ing therefrom are probably negligible. 

Iron electrodeposits from the commonly used baths 
are stressed to about the same extent as nickel. The 
degree of stress usually present in copper and silver 
deposits is negligible. 

Other pure metals which could be used if their 
properties are needed include gold, zinc, lead, anti- 
mony, and chromium. Some of these have distinct 
limitations. For example, it is difficult to plate thick- 
nesses of more than a few thousandths of an inch of 
gold, so gold is most likely to be useful as a lining 
or coating for an article made mostly of another 
metal. Antimony and chromium suffer from extreme 
brittleness. 

In addition to these pure metals, many alloys can 
ne electrodeposited. None have acquired an important 








place in electroforming. Several recently developed 
alloy deposits, including cobalt-phosphorus, nickel- 
phosphorus, and cobalt-tungsten, have high hardness 
and strength and are further hardenable by heat- 
treatment to obtain properties which may make them 
useful in certain applications. Their properties are 
also shown in TABLE 2. 

Laminated metals are commonly used in electro- 
forming and may have definite advantages. Thus, in 
waveguides, silver or copper can be used on the inner 
surface for electrical conductivity, backed by nickel 
or iron, for strength with low thickness. Parts which 
require corrosion resistance can be formed with nickel 
on the inside and outside surfaces with iron sand- 
wiched in between, to reduce cost or to conserve 
scarce nickel. Many such opportunities for advanta- 
geous use of laminates will occur to the designer who 
is aware of this construction. 

One other metal that should be mentioned is alumi- 
num. It cannot be deposited from aqueous solution, 
but nonaqueous solutions have recently been devel- 
oped at Battelle Memorial Institute and at the Na- 
tional Bureau of Standards, from which thick, sound 
deposits can be made. Difficulties remain which 
render electroforming with aluminum impractical for 
large production at the present time, but small num- 
bers of small items can be made if the need justifies 
the cost. Future improvements in the practicability 
of aluminum plating can be expected. 


Stitched Fiber Replaces Sheet Metal 


pee s-Ovee thermoplastic fiberboard is being 
used to replace sheet metal air ducts in auto- 
mobiles. Wire stitching is used not only to fasten 
fiberboard pieces of the ducts together but also to 
ittach sheet metal parts to fiberboard and metal to 
metal by Woodall Industries Inc. The fiberboard is 
neated and die formed before being stitched. 

A heater distribution duct, Fig. 1, is the most com- 
plicated assembly presently produced by the firm. 
(hree separate metal stitching operations, followed 
'y a sealing stitch are required in the production of 
this assembly—metal-to-metal, felt-to-metal and a 


Fig. 1—Metal-to-metal, metal-to-fiberboard and felt-to- 
metal stitching are used in production of this heater 
distribution duct 
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Fig. 2—Metal collar stitched to this fiberboard duct 
permits bolting to an automobile fire wall 


metal-to-fiberboard stitch. Stitching is also used to 
secure the spacers providing the outlet air gap. 

A heat exchanger-to-dash duct, Fig. 2, is made 
from two 0.093-inch thick fiberboard sections stitched 
together. A 0.065-inch thick, rubber-covered, metal 
collar is than fastened to the duct with 18-gage wire 
stitches. The metal collar permits bolting the duct to 
the fire wall of an automobile. 















CONTEMPORARY DESIGN 
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AID TO be the first machine in the world for 

continuous production of building board, the 
huge Bartrev press recently built by Vere Engi- 
neering Co. in England will turn out between 25 
and 40 million square feet of 4-foot wide board 
annually. Wood waste—cuttings, tops and branches 
as well as sawmill waste wood—is converted to 
particles by grinding. After drying and being mixed 
with a thermosetting resin, the resin-wood mixture 
is fed to the press, which consists of four separate 
units—a feeding unit, a high-frequency heating unit, 


the press itself, and an automatic saw. Heat and pres- 
sure cures the mixture into continuous hard board. 

An “electronic eye” controls level in the hopper, 
and an automatic feeder lays a continuous carpet 
to any required uniform thickness on the lower of 
two endless stainless-steel bands. If desired, the 
carpet can be laid on paper facing; a second facing 
is then laid on top after the raw material has passed 
through the radio-frequency unit. The mixture is 
preheated to 85-90 C in the radio-frequency unit to 
control moisture content. 





Four steel drums car- 
ry each of the pol- 
ished steel bands. 
Tension applied to 
the bands and screw 
adjustment of the 
drums keeps the 
bands parallel at all 
times and provides 
for contraction of the 
bands on cooling to 
limit the risk of over- 
stressing either the 
bands or the drums. 
Platens and platen 
chains back up the 
bands. 








Produces Board by Continuous Process 


“a 


Upper crossheads ~~ 


Radiant heat 


Hopper. housing 






cylinders 


crossheads 


The carpet then goes to the continuous press, con- 
sisting of two endless heated platen chains and the 
two polished stainless-steel bands face to face—one 
above the other. An assembly of hydraulic cylinders 
provides the pressure to compact the mixture. The 
final heating stage, which cures the resin during 









Sawing unit 








Lower steel band 


compacting, is effected by heat transfer from the 
platens, heated by radiant heaters. A temperature of 
110 to 115 C is maintained by thermostatic control 
until the raw material leaves the pressure zone as 
fully cured, fully compressed board. Automatic saws 
then trim both edges and square-cut the moving board. 













Pressure loading is carried through six upper 
and lower cast-steel crossheads to the compression 
members and from there to the roller bearings on 
the platens. Each pair of crossheads is mounted on 
a vertical steel column, the upper crosshead being 
fixed and the lower crosshead capable of limited 
vertical movement. Hydraulic cylinders at each end 
of the lower crossheads provide the pressure to com- 
pact the board by holding the lower crossheads 
against adjustable limit stops. 


The platen chain is driven by driving sprockets at 
the delivery end; idler sprockets at the feed end are 
adjustable for tensioning. Each platen has a set of 
roller bearings which ride on the compression-surface 
members, which are continuous within the pressure 
zone. Exterior wheels running within guide rails main- 
tain proper horizontal positioning and help guide the 
chains at each end. The drive—an electric motor and 
gear box—provides speeds of 4 to 30 feet per minute 
depending on material, thickness and density. 



























OST designers recognize the often painful 

fact that mechanical design is a com- 

promise between optimum performance 
and lowest cost. Fatigue life must be reduced, 
larger operating variations tolerated, less effec- 
tive materials used and possibly a favorite oper- 
ating feature or two eliminated in order to cut 
the excessive production cost of the original 
model. Yet one of the major contributions to 
excessive cost is unnecessary in the first place— 
wasteful and careless design which might have 
produced equally good or better performance at 
lower cost. The value of designing for lower 
cost applies particularly to the design of springs, 


one of the most common components in mechan- 
ical design. 

The basic approaches to design for lower cost 
are best demonstrated by reviewing a number of 
specific designs which represent common prob- 
lems and their solutions. In this article, first of 
a three-part series, attention will be devoted to 
compression springs and the important cost fac- 
tors influencing their design. Succeeding parts 
will consider extension and torsion springs sep- 
arately. Although many elements of good design 
practice apply to all three of these fundamental 
types, each involves its own peculiar methods 
of treatment. 
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In the design shown at a, a helical compression 
spring encircles a shaft and is mounted between two 
screw-machine parts. With the top part secured by a 
pin through the shaft, the spring reacts against a ver- 
tical force on the bottom part. Whatever the dimen- 
sions of the spring or the screw machine parts, it is 
safe to assume that the cost of materials and machin- 
ing of the two parts far exceeds that of the spring 
which they are provided to seat. 

Seating can be equally well accomplished at a much 
lower cost by using a barrel spring, b. The upper 
screw machine part has been eliminated and the shape 
of the lower part greatly simplified. The diameter of 
the barrel ends is slightly larger than the outside di- 
ameter of the shaft to prevent excessive lateral shift- 
ing of the spring during operation. The barrel spring 
can be coiled automatically at a cost comparable to 
that of the common helical compression spring, a. 

Both ends of the spring, b, must be ground to pro- 
vide smooth, parallel ends of proper seating. How- 
ever, the barrel shape of the spring prevents grinding 
both ends simultaneously in a standard fixture; the 
cost of the spring is still unnecessarily high because 
of the two grinding operations required. Most coils 
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SELECTION O 




















of the spring, c, have equal diameters, with only a few 
coils at either end reduced. Because most of the 
spring is cylindrical, it can be held firmly enough in 
the cylindrical cavities of standard grinding dies for 
simultaneous grinding of both ends. On the other 
hand, the barrel spring at b would be too unstable 
during grinding of both ends in a cylindrical fixture. 

The combination of a pin and one simple machined 
part at b can also be achieved with a cone spring, d. 
The small end of the spring is slightly larger in diame- 
ter than the shaft and fits up against the pin, while the 
large end rests on the machined part. Of course, a 
specification on grinding both ends would require a 
special grinding die with a coned cavity, adding to 
tooling cost. The cone spring will seat better than 
either of the springs at b and c and grinding of the 
large end may not be necessary at all. In design e, 
only the last three coils of a helical compression 
spring have been coned down so that the spring will 
be securely held in a cylindrical die for grinding both 
ends. 

It is very evident that proper spring design can 
simplify and reduce the cost of auxiliary parts as 
well as the spring itself. 



































































































































METHODS OF SEATING 


A special machining operation was required to drill 
the smaller hole used to centralize the compression 
spring in the base plate at a. At b the thickness of 
the base plate has been reduced (less material) and 
the smaller hole eliminated (less machining) by en- 
larging the last coil or two of the compression spring 
to provide central seating. Since the last coils can 
be enlarged automatically on a coiling machine, a 
simpler and less expensive base plate was produced at 
no additional spring cost. 

The compression spring at c is designed to maintain 
proper pressure on a ball check valve. Because the 
spring coil diameter must be about two-thirds the di- 








































































































ameter of the ball and thus less than the bore diame- 
ter, a special wire form resting on the shoulder was 
necessary to support the spring. The spring was 
redesigned as at d so that the last several coils were 
enlarged to seat on the shoulder. Because the en- 
larged coils can be produced automatically, the stamp- 
ing was eliminated without any increase in the cost 
of the spring. Note that the tail of the last coil at d 
has been turned in on the coiling machine to support 
the main spring body during deflection and prevent 
the smaller, stiffer portion from pushing through. 


PREVENTION OF ROTATION 


It is frequently necessary to prevent a spring from ro- 


tating under dynamic loading. A common method to pre- 
vent rotation of compression springs mounted on rods or 





shafts requires that the spring end be bent out parallel to 

the spring axis, a. The end is then placed against a stop 

on the shaft or inserted into a hole in a stationary plate. 

However, such a design usually requires two additional manu- 

facturing operations in which (1) the spring is bent out and 
(0) (2) the end is cut to length. 

The same function can be accomplished equally as well 
by a spring end as at b. The wire end can be bent automati- 
cally into the center of the spring in the plane of the last 
coil on the coiling machine. Rotation is prevented by insert- 
ing the end into a hole in the shaft or against a stop. Cost 


(b) of the spring has then been reduced considerably with only 


a minor change in auxiliary parts. 
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It was necessary to provide spring 
mounting for the two ball checks in 
a valve, a, without unduly obstruct- 
ing flow through the connecting pipe. 
The first and most obvious solution 
was to specify a common helical com- 
pression spring as shown. However, 
it took little time for the designers to 
discover that the spring was not stable 
and buckled in the assembly. The 
problem was solved as at b simply by 
enlarging the diameters of most coils 
to nearly the inside diameter of the 
shaft. The end coils are still small 
enough to fit the balls and several 
coils at the center of the spring also 
have small diameters so as to reduce 
the obstruction to horizontal flow in 
that area. The four changes in coil 
diameter were achieved automatically 
on the coiling machine, thereby pro- 
ducing a spring that appears com- 
plicated but is little more expensive 
than a comparable compression spring 
of constant coil diameter, 


METHODS OF RETENTION 


In the design shown at a, the ob- 
jective was to secure the bottom end 
of the spring to a metal plate. Three 
methods of securing the spring are 
given in order of decreasing cost at 
a,b andc. In design a the compres- 
sion spring is secured on threaded 
plug and screw. The designer has 
succeeded in maintaining a simple 
spring, but the threaded plug is an 
unnecessarily expensive accessory 
part. In design b the plug has been 
eliminated by specifying a special 
Spring end to fit under the head of a 
Screw in the metal plate. The spring 
end is drawn out from the coil to form 
a hook at the axis of the spring. Two 
additional manufacturing operations 
are necessary to (1) bend the spring 
end and (2) form the hook. 

In design c the spring end is sim- 
ilarly secured to the base plate by a 
Screw, but at considerably lower cost. 
Rather than specifying a special 
Spring end, the last few coils of the 
compression spring have been auto- 
matically spiralled-down during coil- 
ing. 
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Oscillograph Records 14 Channels of Data 


[DESIGNED to resist high acceleration forces, 

the model 580 flight-test oscillograph of 
Midwestern Geophysical Laboratory records 14 
separate channels of data—yet weighs only 20 
pounds. One feature of the instrument is its 
cast aluminum-alloy construction which permits 
accelerations up to 25g if shock-resistant gal- 
vanometers are used. A shutter-type timing 
device operates with excellent accuracy even at 
high acceleration. Recording speeds are adjust- 
able from 1% to 44 inches per second. A thermo- 
statically controlled galvanometer magnetic as- 
sembly keeps galvanometer temperature within 
a few degrees of any preset valve (usually 100 
F), reducing galvanometer drift ta an absolute 
minimum even at temperatures as low as — 65 F. 












































The folded optical system increases the op- 
tical arm and hence the apparent sensitivity 
of the galvanometer over that normally obtained 
in such a compact instrument. Three separate 
optical systems—the galvanometer system, the viewing system, and the 
timing system—are excited from two sources. The galvanometer sys- 
tem is split so that part of the light leaving each galvanometer-element 
mirror is directed to the external viewing screen and the remainder to 
the recording medium. Thus, dynamic trace position is viewed on a full- 
width screen at a one-to-one ratio to the recording trace while the in- 
strument is recording. A beam interrupter identifies each trace. 





Viewing screen Trace interrupter Ey bm 
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Fundamentally, the timing mechanism is of the shut- 

















Siot-cover knob L Shutter drum” ter type, consisting of a governor-controlled 28-volt de mo- 
tor driving a drum with ten equally spaced slots, nine of 
oS which are narrow and one wide. The drum rotates at 600 


rpm. As the slots pass an aperture, a narrow timing line 
is thus produced completely across the recording paper every 
0.01-second, with a wider line being produced every 0.1-sec- 


























ond. At slow paper speeds nine of the ten slots on the drum 

can be covered by shifting a small knob; one narrow slot is 

EE left exposed to produce a narrow timing line every 0.1-second. 

: The timer operates within 2 per cent accuracy even when the 
sacra cas instrument is subjected to high lateral acceleration. 
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... @ Statistical procedure for obtaining 
maximum profit at a given performance 
level in precision mechanisms 


By Eugene W. Pike and Thomas R. Silverberg | 


Radar and Communications Div. 
Raytheon Mfg. Co. 
Waltham, Mass. 


N CONNECTION with the design of a large accur- 
I ate mechanical linkage, the authors were recently 
obliged to develop the theory of assigning toler- 
ances with somewhat more care than is usual. This 
theory proved to be difficult mathematically, and the 
numerical calculations were laborious, but the savings 
were impressive—roughly 15 per cent of the cost of 
each linkage. Although mechanical designs with 300 
critical dimensions fortunately are still rare, the line 
of reasoning is applicable to many simpler questions 
in mechanical design. Further than that, it is ap- 
plicable to many operating problems of the type which 
operations research specialists call “search” prob- 
lems. By these are meant problems dealing with the 
best allocation of a limited amount of effort (cost, 
time, manpower, etc.) to a number of competing tasks. 
It may seem strange at first that the best way to 
assign tolerances to a mechanical structure is also 
the best way to assign salesmen to territories, or ships 
to antisubmarine duty. It is less strange when one 
reflects that each of these questions involves distrib- 
uting an inadequate effort as effectively as possible. 
Electric power companies have used similar solutions 
of load distribution problems for many years. 
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Assigning Tolerances 


Maximum Economy 


| 
| 


Dimension, x 


- Fig. 1—Above — Curve of 
normal distribution 


Fig. 2—Below—Value curve 
- and tolerance limits 
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pose 


The rather complex mathematics leads to a very 
simple rule for distributing any fixed amount of effort 
over a variety of tasks: Buy results from the cheapest 
source until there is no cheapest source; then buy 
from all sources at such a rate that all sources remain 
equal in price. 

This is the rule which most people would choose in- 
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tuitively; it is reassuring to be able to prove mathe- 
matically that it really is correct. For a salesman sell- 
ing on straight commission in a static, fully developed 
market, it means that he should distribute his sales 
calls among his various customers in such a way that 
he writes the same amount of orders per hour, on the 
average, wherever he may be calling. For a mechan- 
ical engineer assigning tolerances in a linkage, it 
means that one extra cent spent for tightening a tol- 
erance should produce the same improvement in sys- 
tem accuracy, regardless of which tolerance is im- 
proved. 

Since this article is appearing in MACHINE DESIGN, 
the mathematical development and the logical argu- 
ments will be stated in terms of tolerance assignment. 
Those interested in the wider field of operations re- 
search will recognize much of it as a general theory of 
search problems. 

The designer is often required or obliged to design, 
not to a fixed cost or a fixed performance, but to a 
maximum profit. If he knows the value of a design of 
given performance, then by computing the perfor- 
mance of a few designs of different costs, the profit 
as a function of cost can be computed as the difference 
between cost and value, and that cost giving maximum 
profit found from a curve sketched through these com- 
puted (cost, value) points. 

Furthermore, the designer must not only design to 
maximize profit, he must state his design in the form 
of test specifications which are satisfactory to the 
customer, and also in the form of drawings and in- 
structions which can be followed, and enforced, in the 
production shop. This is often the most difficult phase 
of tolerance assignment. As will be shown, error 
theory leads naturally to the statement of tolerances 
in the form of the mean-square deviation from the 
given dimension which can be tolerated, averaged over 
the whole manufacturing run. Few production shops 
are equipped to measure this kind of tolerance, and 
fewer still are in a position to control their errors in 
these terms. There must be a translation of the design 
parameters into more familiar terms, based on a 
knowledge of the operating characteristics of that 
particular shop. 

The customer, on the other hand, is rarely inter- 
ested in mean-square errors as such—he wants his 
machine to work. Again, the designer must translate 
his optimum design errors into test specifications 
which the customer will accept, again on the basis of 
a detailed knowledge of that particular customer and 
that particular machine. 

This outline of a designer’s life sounds very formid- 
able, and when the designer is trying to achieve the 
utmost that his technology permits, it is formidable. 
There is no more reason for astonishment or apology 
about the intricate mathematics of tolerance assign- 
ment than there is for astonishment or apology for 
the intricate mathematics of gas turbine design. 

Strictly speaking, the theory which follows applies 
only to open kinematic chains. The extension to 
closed, multiple closed, or overdetermined kinematic 
chains, which are the same in basic principle, has not 
been carried through in detail. 


Linear Propagation of Small Errors: A designer 
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cannot specify directly, in the drawings which he 
sends to the manufacturing shop, the performance or 
the accuracy of the product manufactured according 
to his specifications. The most that can be specified 
are the dimensions of the individual elements, and 
the tolerable deviations from these dimensions in man- 
ufacture. These errors in the individual dimensions 
combine, in a random statistical process, into the er- 
rors of the manufactured units. Since those finished 
instruments whose errors are too great must be 
scrapped or reworked, it is evidently a wise thing for 
the designer to calculate, so far as he can, the prob- 
able errors of the finished product before his plans are 
sent to be manufactured. 

If x; is the specified value of the j-th dimension (as 
used in this presentation, “dimension” may mean not 
only a geometrical length between two points on a 
part, but also any quantitatively specified factor af- 
fecting the output, such as a resistance, a moment of 
inertia, or the density of a filling fluid), then the out- 
put or indication of the instrument, x,, is some known 
function of the dimensions: 


Lo = F(a, Lo,... , Ly. s +) ‘ diy nea (1) 


If there are small departures «; from the specified di- 
mensions, then, to the first order of small quantities, 
the departure ¢«, of the output from its expected or 
desired value is given by 


eo—-Dan + Deeet...+ Degy.... ness ) 0 


where D, is the partial derivative (dx,/0x;) calculated 
from Equation 1. 


Design Parameters versus Output: If the designer 
could specify the actual individual errors ¢;, he would 
simply specify them to be zero, and there would be 
no need for error analysis. The crux of the designer’s 
problem is that he cannot specify individual errors, 
but only a much vaguer error parameter; an analysis 
of the exact means which a designer can use to control 
output error is the essence of this discussion. 

The development of statistical quality control theory 
has made it clear that any specific manufacturing 
process, in addition to creating successive units having 
approximately some prespecified dimension, also has a 
characteristic associated error distribution. Briefly, 
the manufacturing process determines not the error in 
a specific part, but the probability that errors of a 
given size will occur. Such a functional relationship 
between the size of an error and the probability that 
it will occur is known as an error probability distri- 
bution, or, more briefly, an “error distribution f(x).” 
This is discussed in texts on statistical quality control; 
for instance a very good discussion is given by 
Shewart. 

A first step, then, is to set up an equation, parallel 
to Equation 2 between a set of error distributions, 
f;(x), over the individual dimensions of a system, and 
the resulting error distribution of the output, f,(x). 
The distribution resulting from the addition of a num- 
ber of independent distributions can be formed in a 
number of ways; the most convenient for the present 


1. References are tabulated at end of article. 
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purpose makes use of the fact that the cumulants? of 
the sum are simply the sum of the cumulants of the 
individual error distributions. Taking advantage of 
the fact that the central limit theorem® usually applies 
to practical engineering cases, one need sum only the 
first and second cumulants, since the remainder of the 
cumulants can be deduced from these two. The cen- 
tral limit theorem applies whenever a large number 
(roughly, more than 10) of independent distributions, 
having second cumulants of nearly the same size, are 
summed. These conditions are usually satisfied in en- 
gineering problems, but the designer must check each 
separate problem. Exceptional problems can be very 
misleading. Then, two equations are reached as the 
useful parallel, for distributions, of the linear error 
propagation Equation 2: 


m = Dim + Dem +...+ Djmt.... . (3) 


oo2 = Dy? 032 + Do? on? +... + Djoj2+... (4) 

In these equations, the more familiar mean m, and 
second moment go’, have been substituted for the first 
and second cumulants. As a rule, the means of the 
individual error distributions are zero, so that Equa- 
tion 3 is not significant, but again, the designer should 
check in each individual case, since exceptions can be 
misleading here too. 

The sums m, and ag,” define the position and width 
of the output error distribution function, which is, if 
the central limit theorem applies, approximately nor- 
mal. The shape of this normal distribution is illus- 
trated in Fig. 1. 

According to this argument, the prediction of output 
error from design specifications must take place 
through the appropriate weighted sums of the mean 
values and second moments of the error distributions 
on the individual dimensions, This circumstance em- 
broils the designer in semantic difficulties, both with 





ASSIGNING TOLERANCES 


the ultimate user of the product (who is not interested 
in either fancy mathematics or excuses, but only in 
receiving a system which will never make an error 
bigger than a specified amount), and with the manu- 
facturing shop, which feels with some justice that tol- 
erances make trouble enough, let alone distribution 
functions and second moments. 

These problems will be considered further later on. 
In the meantime, some acceptable working compromise 
will be assumed, and further consequences of this 
error function approach will be explored. 


The Error Field: Many machine systems are “vari- 
able aspect” devices; that is, the partial differentials 
D, are themselves functions of the state or configura- 
tion of the device, usually determined by the input 
values. Thus the output variance g,? of the device, 
instead of being one number, is a variable in the space 
of the input quantities. 

If the accuracy of the device must be expressed as 
a single number, the largest value of the second mo- 
ment, or variance might be selected. In most cases, 
however, this value is not a good criterion of accuracy, 
because it will usually be found that this value occurs 
very seldom when the device is in actual operation. 
For instance, in a computer, the maximum error might 
occur, or be possible, only at one particular set of 
inputs. This set of inputs may never occur naturally, 
or may occur very infrequently. The maximum value 
of g, should hardly be used as a yardstick of system 
accuracy in this hypothetical case. 

Usually the most meaningful value for accuracy is 
an average, weighted by the density of expected use 
(and/or the importance of an error of given size) over 
the input space. The density of expected use, how- 
ever, is most often known in the space of the output 
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Fig. 3—Cost curve for typical component 








Fig. 4—Cost and output variance as functions of Q 
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quantity or quantities, and no one-to-one correspond- 
ence exists between input and output values. This 
makes the situation more difficult to handle, but a 
meaningful value for the accuracy can be found if rea- 
sonable care is exercised. 

Whatever the method of rating the accuracy, the 
test specifications are essentially a prescription for 
taking samples from the predicted distribution of 
errors, and inferring from these whether the design 
has been correctly manufactured. It is assumed here 
that the design was accepted on the basis of predicted 
performance. The theory of statistical experiment- 
design can be used to balance the cost of tests against 
the costs of unfairly rejecting a good manufacturing 
operation, or unwisely accepting a poor one.* ° 


Optimum Error-Assignment: The next step is to 
consider the factors which enter into optimum distri- 
bution of assigned errors over the dimensions of a de- 
sign. In order to do this, it is necessary to state the 
objective of the design with respect to accuracy as a 
value curve which describes quantitatively the value 
of any one manufactured structure, as a function of 
its output error. As an example, if the product is 
tested over its entire range, and rejected outside of 
tolerance limits, then the value curve will be constant 
between the rejection limits, and zero outside of them. 
See Fig. 2, where x;,,) is the desired zero-error dimen- 
sion, and x;,,) + T are the tolerance or rejection limits. 


It is also necessary to describe the manufacturing 
process by means of a series of cost curves, each one 
describing quantitatively, as a function of the error 
variance, the cost of manufacturing one of the di- 
mensions of the design. This argument has been 
simplified by assuming that the mean errors of the 
various dimensions are zero. To establish these 
curves, even approximately, involves considerable 
study in some cases. An illustrative cost curve for a 
specific type of resistor is shown in Fig. 3. Curves of 
this type can be compiled fairly directly from cata- 
logs, when one has some knowledge of the manufactur- 
ing process by which the component was made, but 
this is not true for all kinds of components. The ne- 
cessity of using the error variance, rather than the 
tolerance, adds to the difficulties of an exact tabula- 
tion of such cost curves. 

Any given choice for the specified variances g;* of 
the individual dimensions in a design leads to an out- 
put error variance 


o,2 = > D;? o;? (5) 
7 


and a total cost 


C, = = C; (e;2) (6) 
j 


These are linear functions, sums over j. Note that this 
cost function, C;(o;*), is a function which depends on 
the distribution of errors in a particular component, 
and not directly on the commonly used tolerance limit. 
In all cases, a tolerance limit will be greater than or 
equal to the corresponding a;. The optimum assign- 
ment of the o;’’s is clearly that one which makes C, 
a minimum, for a fixed value of g,?, or vice versa. 
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Either problem is easily solved by the calculus of 
variations, and the answers are identical: 


(0C;/00;7) = Q D;? ° (7) 


where Q is an arbitrary constant, independent of j. 
In words, Equation 7 states that, in the optimum de- 
sign, the cost of reducing the output variance should 
be the same, no matter which component is improved. 
The factor Q is then the cost of error elimination in 
dollars per variance unit. 

In calculating minimum cost for a given output er- 
ror, or vice versa, it is almost always easiest to select 
a reasonable value of Q, such as $X per (per cent)?. 
Since D, is fixed by the design, Equation 7 leads to a 
value for the slope of the cost curve. Then, picking 
out this point gives values for C; and o;*?; summing 
over all dimensions gives the total cost C, and, 
through the D,? factors, the total output variance zg,°. 
Repetition of this process for two or three further 
values of Q will provide the data to give cost and 
output-variance curves as a function of Q, Fig. 4. 

Since the basic idea behind this development is the 
determination of the economically optimum tolerances, 
it is necessary to convert the output-variance curve 
of Fig. 4 into economic terms for comparison with the 
cost curve. In those cases where the central limit 
theorem applies, this is easily done by constructing 
the normal! distribution curve having the variance og* 
and the mean value given by Equation 3, and multi- 
plying it point by point with the value curve. The in- 
tegral of the product curve will be, then, the average 
value of a manufactured unit when the output vari- 
ances are normally distributed with variance og* and 
mean m,. This average value, Hg, can then be plotted 
as a function of Q, with the cost curve Cg on the same 
graph, as shown in Fig. 5. The proper Q is that one 
which corresponds to the maximum profit, (Hg — Ca), 
as shown in Fig. 5 from similar profit curves for al- 






Fig. 5—Profit chart 
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ternative designs, a more informed choice among de- 
signs may be made. 


It is necessary again to emphasize the statement 
made in the introduction: it is rarely possible or profit- 
able to carry through a complete and exact solution 
numerically. Informed estimates may be made for 
value curves, cost curves, and even for the propagation 
factors D;. A rigorous qualitative application of the 
ideas presented will, in most cases, help the designer 
stay on the high road to a profitable design. 


Variances and Tolerances: After optimum variances 
a; have been assigned to the several dimensions in the 
design, it remains to set up a manufacturing opera- 
tion which will generate the desired parts and dimen- 
sional variances at minimum cost. This is a difficult 
problem, largely because every variation in the or- 
ganization of a manufacturing concern changes the 
parameters of the problem in one way or another. 
Some basic ideas do have general application, how- 
ever. 


First, there is only a very loose connection between 
tolerances and variances. Tolerances slice off the 
wings of the manufactured distribution, but different 
manufacturing conditions may change the variance 
associated with a given tolerance by an amount rang- 
ing from a few per.cent to a factor of five. In Fig. 6a, 
o, is the root-mean-square value of the width of that 
part of the distribution which will piss inspection; 
that is that part of the total distribution which lies 
between x, + T and x — T. Correspondingly, op 
holds for the distribution shown in Fig. 6b. In this 
case, the same tolerance limits, +7, applied to two 
different distributions, result in variances which differ 
by.a factor of about four; o;?/0.2 = 4. If tolerances 
are used to control dimensional variances, the toler- 
ances must be established on the basis of a reasonably 
accurate knowledge of the manufactured distribution 
on which they will operate. 


Fig. 6—Tolerance limits and standard 
deviations for two types of distribution 
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An alternative procedure, if large numbers of a 
particular item are to be made, is to inspect enough 
of the items which are made first to establish both 
the fact of statistical control and the form of the 
manufactured distribution. Then it is possible to set, 
by calculation, tolerance limits which will allow selec- 
tion from the experimental distribution of a distri- 
bution of parts which will have the desired mean value 
and variance. 


In a shop where individual machines are kept in sta- 
tistical control, it may be possible to select for use 
that machine which has the desired variance of man- 
ufacture, and to set the mean at the proper value. 


Establishment of a satisfactory agreement with the 
consumer may be a matter of more difficulty. The 
consumer usually makes value judgments in terms 
of maximum error, rather than root-mean-square er- 
ror, and in the general case there is no fixed or nec- 
essary connection between the two. Aside from vari- 
ous verbal efforts to educate consumers concerning 
the necessity of thinking in terms of root-mean-square 
errors, the only constructive work in this field known 
to the authors is that by Raggazzini and Zadeh® who 
have shown that, in a large number of practical cases, 
minimization of the largest error or minimization of 
the root-mean-square error lead to the same design 
criteria. 


Summary: The assignment of tolerances in a com- 
plex open kinematic chain is a special example of the 
“search” problem, for which an explicit general solu- 
tion has been found. This solution can be expressed as 
a very simple rule: Adjust the mean square errors so 
that a given amount of effort applied to reducing the 
mean square error of a dimension will lead to the 
same improvement in performance, regardless of the 
dimension chosen. 

The interpretation of this error assignment to the 
customer on the one hand, and to the shop on the 
other hand, requires a thorough understanding of the 
relationships between the discordant measures used 
by these groups, and often a small educational cam- 
paign. 

Although the whole process described in this article 
is rarely carried out numerically, thinking within the 
logical framework set forth has been proved to be 
profitable in difficult but typical design problems. 


Example: As an example of the methods given sym- 
bolically, consider the rather simple linkage known as 
the Scott-Russell sine motion, Fig. 7. The input is the 
angle 6, the output is the distance a. The linear di- 
mensions affecting the accuracy of the output (which 
should be sin @) are c, e, f, g, k,l, ”, r. In addition, 
the random variations of the slides from their nominal 
straight lines (roughness) I and II, and “slop” in 
bearings D, E, F, G, and H, will contribute to the error 
in a. 

The trigonometric equations connecting a with the 
linear dimensions are 
























a+ ecosp fcosa trsing +n TS 
c + e sin Bg B+ game...... .. (9) 
1+ r cos @ (f + g) sinat+e (10) 


From Equation 8 


da e sin B dB + cos B de = — f sina da + 


cos B df + sin @ dr + dn (11) 


Taking similarly the total differentials of Equations 9 
and 10, solve the latter for da, substitute in the former 
to find dg, and substitute both these into Equation 11 
above. Simplify the result by recognizing that, while 
dz and dg are greatly different, g = @ in a reasonably 
accurate computer. Also,e = f = g,andc = k. 








da da da da 
da = - dc + —— de + —— df + ... +—— ar (12) 
dc de of or 





The several partial differentials are 





ja da 
mime & tan a — = tana 
dc 0k 
da , 0a 
—- tana sina — cosa —- 
€ al 
da da 
— = COS a =1 
of on 
da ; da 
— = tanasina — = sin @ 
og or 


And, by inspection: 





0a - da 
até’ 
0a = da 
all s«ak 


Fig. 7—Diagram of Scott-Rus- 
sell sine linkage 
























“Slop” in a bearing will be equivalent to a change in 
one or more of the several linear dimensions termin- 
ating on the center of rotation of the bearing, accord- 
ing to the direction in which the motion takes place. 
In order to provide an estimate which is certainly not 
too small, one should choose for the partial differential 
coefficient associated with slop in a bearing, the larg- 
est of the coefficients associated with the various lin- 
ear dimensions terminating at the bearing. This leads 
to: 





da a da da = da 
aD —s aff G de 
0a os da i da da - da 
oF CODSté«OFF aH ~—Ssoag 













To simplify the illustration, assume that the input 
range —90 deg = 6 = +90 deg is used with uniform 
frequency, so that the weighting factor (if one wishes 
to consider it) would be unity everywhere. By com- 
puting the partial differential factors da/dc, etc., at 
the seven points 6 = 0, +30, +60, and +90 (all in 
degrees), Weddle’s rule’ can be used to obtain a very 
accurate average value for each of these coefficients. 
Take, for example, the coefficient da/ok = + tan a. 
TABLE 1 shows the input angle 6, the angle a, da/dk = 
+ tan a, (da/dk)?, the weighting factors W for Wed- 
dle’s rule, and the products W(da/dk)?. The mean 
value D,, given at the bottom, is arrived at by divid- 
ing the sum of the weighted coefficients by the sum 
of the weights. 

Similar calculations for the other linear dimensions 
provide the list of D’s given in TABLE 2. 

Since all the linear dimensions in the Scott-Russell 


Fig. 8—Illustrative cost curve 
for dimensional errors 
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linkage would be determined by essentially the same 
type of machining operation, one may simplify the il- 
lustration, again, by assuming that the cost curves 
relating mean square error to manufacturing cost are 
the same for all dimensions. In an actual case, of 
course, it might be necessary to prepare and use a 
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Table 1—Weighted Coefficient Determination 








a(deg) a(deg) dafek (da/ok)? W (da/ek)2W 
0 45 1.00 1.00 6 6.00 
+30 30 0.58 0.34 1+1 0.68 
+60 20 0.36 0.13 5+5 1.30 


+90 15 —0.27 0.07 a+2z 0.14 


D,, = 8.12/20 = 0.41 
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Table 2—Weighted Coefficients 





D.=041 D,=141 D,;=0.76 D,=0.16 


D;, = 0.41 D, = 0.00 D, = 1.00 D, = 0.24 
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Table 3—Variance Versus Cost 








Point A B Cc D E 
Variance (mil?) ..... 4.0 1.0 0.25 0.04 0.01 


Cost (dollars) ....... 8 5 10 25 50 








Table 4—Cost of Output Variance Q 
(dollars per mil?) 





Dimensions StepD EtoD DtoC CtoB BtoA 





c,k 0.41 1.62 16.25 174 2015 
. 1.41 0.47 4.70 50.70 591 
f 0.76 0.88 8.80 94.10 1095 
g 0.16 4.17 41.70 447 5210 
l 0.00 roe) co co co 
n 1.00 0.67 6.70 71.50 833 
r 0.24 2.78 27.80 298 3470 
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Table 5—Error Specifications 
for Q = 30 dollars per mil? 


Dimension c e f 9g k I n 
Specification C B Cc Cc Cc E* Cc Cc 








“Since the dimension J does not affect the output, its 
*rror specification will be the lowest possible in the prac- 
tice of the given shop. 
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different cost curve for the dimension c, which is con- 

trolled by pinning the slide to the base plate, and for 

r, e, f, and g, which are controlled by jig-borer set- 

tings. 

In the ideal case, this cost curve is a continuous 
curve, like that shown in Fig. 8. In actual shop prac- 
tice, however, nothing is gained by specifying a root- 
mean-square error around the nominal value equal to 
0.00137 inches, for example. The errors chosen would 
represent, effectively, the available choices of manu- 
facturing methods; the cost curves would become 4 
series of four or five points, like the points A, B, C 
marked on the curve in Fig. 8. Here the point Z 
might represent fabrication by jig boring in the tool 
room, while B would correspond to fabrication on a 
milling machine. The costs are purely illustrative, 
and have deliberately been distorted to avoid the con- 
troversial field of fabricating costs. 

Before this cost curve is applied to the question of 
error assignment, the error values should be converted 
to mean-square-errors or variances. For this purpose, 
the mil? (mil-squared) is a convenient unit; one mil? 
is one millionth of an inch-squared. In this measure. 
the cost points to Fig. 8 can be listed in TABLE 3. 

If the specification of the j-th dimension is changed 
from B to C, for instance, the output variance will be 
reduced by an amount D,(1.0 — 0.25) = 0.75D, mil’, 
at an additional cost of five dollars. The cost of vari- 
ance is 5/0.75D, dollars per mil*, It is this quantity 
which is to be equalized over the several dimensions 
of the sine linkage. 

To illustrate this process, one may calculate the cost 
of variance for all the dimensions in the linkage, and 
for each of the four steps on the cost curve, as shown 
in TABLE 4. 

To find the error assignments for a chosen point Q 
= 30 dollars per mil’, for example, one would choose 
in each the number nearest to 30. These are the bold- 

face numbers in TABLE 4. The error specifications 
would be those shown in TABLE 5, the upper ends of 
the chosen steps, and the averaged or realized value 
of Q would be 25.32 dollars per mil?. This same value 
of Q would be realized until the chosen value of Q was 
increased above 36.60 dollars per mil?, at which point 
the specification for dimension m would be changed 
from C to B. This stepwise increase in the realized 
value of Q is a natural result of the discontinuous 
range of choices for the variance. 

Tables similar to TABLE 5 would be prepared for di- 
mensions I and II, the roughness of the slides, from 
the cost curves appropriate to the operations of manu- 
facturing slides. 

Slop or play in bearings is much more difficult to 
handle statistically than dimensional variations. The 

direction of the error arising from play in a bearing 
will change with the direction in which the structure 
last moved, and the chance that all the bearing slop 
errors will add up in the same direction is much great- 
er than the corresponding chance that all dimensional 
errors would add with the same sign in the output. 


145 








































On the other hand, the past history of the mechanism 
will usually be such that at least a few of the bearings 
will be displaced in such a direction that their result- 
ing output errors are either very small, or are opposite 
in sign to the majority. A complete discussion of the 
effect of bearing errors is much too lengthy for a gen- 
eral article such as this. Each mechanism containing 
bearings must be considered as a special case at the 
present time, although in many cases it is permissible 
to sum the effects of each bearing directly (rather 
than as the sum of squares), divide by two or three, 
and square to get an equivalent variance. 

Neglecting the effect of bearing play to simplify 
the example, and omitting the roughness errors I and 
II for the same reason, one can compute from TABLE 4 
an optimum curve for output variance as a function 
of the total cost for error control. This curve is shown 
in Fig. 9. The point resulting from assigning all 
seven dimensions specification C is also drawn on 
Fig. 9. The distance from the optimum curve across 
to this point is the realizable profit from adjusting the 
error specifications, for that particular value of Q. 

An assumed value curve, representing the value of 
a linkage as a function of its output variance, has been 
drawn dotted in Fig. 9. The profit inherent in manu- 
facturing the linkage is the distance across from the 
optimum cost curve to the value curve. In this case, 
the profit is a maximum when the overall output vari- 
ance is 1.22 mils*, and one should spend a total of 68 
dollars per unit on error control. 

If circumstances had permitted choice from a con- 
tinuous range of error specifications, the resulting 
profit from the use of the optimum assignment of er- 
ror would have been much larger, as shown in Fig. 9. 
In large scale manufacturing, this effect may justify 
the provision of more different error specifications 
than ordinarily are available in present manufacturing 
or model shop operations. 
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Fig. 9—Illustrative adjustment 
chart for dimensional errors 
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These same considerations apply to the assembly of 
electrical circuits such as filters from components of 
varying characteristics. In this case, however, many 
of the individual errors are vector in character, and 
their composition into an output error is more compli- 
cated. R.C. Hoyt® has prepared very extensive tables 
and formulas, however, which reduce the necessary 
labor. 
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Complex Ductile Iron Castings 


NE of the most intricate ductile iron castings 

produced in quantity up to the present time is 
a jet engine burner support casting used in the J-48 
Turbo-Wasp, and produced by Howard Foundry Co. 
The casting is an intricate ring measuring 371, inches 
in diameter. Sections of this ring vary from *%¢-inch 
to 2 inches thick in the as-cast state. 

In spite of the intricacy of the ductile-iron jet- 
engine burner support ring castings, rejections have 
averaged less than two per cent out of more than 
500 castings shipped. The foundry also states that 
total scrap percentage, for all causes, compares fav- 
orably with the overall foundry scrap percentage 
on jobbing and semiproduction castings. 
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PATENT 


By Albert Woodruff Gray 


Jackson Heights, L. [. 
New York 


N A DECISION of the United States Supreme 
Court rendered a few months ago Justice Douglas 
had this to say of the essential features of patents, 

“Article I, Section 8 (of the United States Constitu- 
tion) contains a grant to the Congress of the power 
to permit patents to be issued. But unlike most of 
the specific powers which Congress is given, that 
grant is qualified. The Congress does not have free 
reign, for example, to decide that patents should be 
easily or freely given. The Congress acts under the 
restraint imposed by the statement of purpose in Art. 
I, Sec. 8. The purpose is “To promote the Progress 
of Science and useful Arts.’ The means of achieve- 
ment of that end is the grant for a limited time to in- 
ventors of the exclusive right to their inventions. 

“Every patent is the grant of a privilege of exacting 

tolls from the public. The framers plainly did not 
want those monopolies freely granted. The invention 
to justify a patent, had to serve the ends of science— 
to push back the frontiers of chemistry, physics, and 
the like; to make a distinctive contribution to scien- 
tific knowledge. That is why through the years the 
opinions of the Court commonly have taken ‘inventive 
genius’ as the test. It is not enough that the article 
is new and useful. The Constitution never sanctioned 
the patenting of gadgets. Patents serve a higher end 
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“ ... Congress does not have free reign 
- «.« fo decide that patents should be 


easily or freely given.” 
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ESSENTIALS 
OF A VALID 





To justify protection under the law, an inven- 


tion must have four essential 
qualifications — authorship, 
ownership, novelty and utility. 
Lacking anyone of these, a pat- 
ent may be invalid 


—the advancement of science. An invention need not 
be as startling as an atomic bomb to be patentable. 
But it has to be of such quality and distinction that 
masters of the scientific field in which it falls will 
recognize it as an advance.” 


Recent Changes: In part, the provisions of the 
statute from which the features necessary to the 


“Every patent is the grant of a privi- 
lege of exacting tolls from the public.” 
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validity of a patent are derived were, “Any person 
who has invented or discovered any new and useful 
art, machine, manufacture, or composition of matter, 
or any new and useful improvement thereof not known 
or used by others in this country, before his invention 
or discovery thereof, and not patented or described 
in any printed publication in this or any foreign coun- 
try, before his invention or discovery thereof, or more 
than one year prior to his application, and not in pub- 
lic use or on sale in this country for more than one 
year prior to the application, unless the same is proved 
to have been abandoned, may obtain a patent therefor.” 

This Federal Patent Statute was amended in July, 
1952, and these provisions were left essentially un- 
changed except for the substitution in the new statute 
of the word “process” for “art” in the former law: 
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“Whoever invents or discovers any new and useful 
process, machine, manufacture, or composition of mat- 
ter, or any new and useful improvement thereof, may 
obtain a patent therefor.”* 


Essential Factors: An appeal in a patent infringe- 
ment action came before the Federal Circuit Court of 
Appeals several years ago, bringing for review a de- 
cision of the District Court holding the patent of a 
method for removing the rough edges and burrs from 
expanded metal fabric a valid patent which had been 
infringed. 

The Supreme Court of the United States has de- 
scribed this product as, “Expanded metal may be gen- 
erally described as metal openwork, held together by 
uncut portions of the metal and constructed by mak- 
ing cuts and slashes in metal and then opening them 
so as to form a series of meshes or lattice work. It 
may be likened to the familiar woven wire openwork 
construction except that the metal is held together 
by uncut portions thereof, uniting the strands, and 
the whole forms a solid piece.” 

The controversy here centered on whether a brush- 
ing process for removing the sharp edges of metal 
sheets of this character was a discovery entitled to 
protection under the patent law or merely an im- 
provement on a patent for producing expanded metal 
under an earlier patent. 

The appellate court in its decision made the com- 
ment that there was no inventive thought in the mere 
conception of brushing expanded metal in the light 
of the teachings of this earlier patent of which the 
Supreme Court had made this definition of expanded 
metal, adding, “Nor is there anything of invention to 
be perceived in the discovery that the desired result 
would be obtained by brushing it in one way rather 
than another. Having the thought of removing the 
sharp edges by brushing, it would be a perfectly ob- 
vious thing to experiment in each of several direc- 
tions. Indeed, failure to do this would characterize as 
dull even an otherwise highly skilled artisan.” This 
the court supplemented with the comment, “Though it 
be elementary to do so at this late date in the develop- 
ment of the patent law, it is necessary to recall that 
three elements are necessary to validity, to wit; nov- 
elty, utility and invention.” 





*Editor’s Note: Some of the more optimistic interpreters of the 
new law have found cause to disagree with this viewpoint contending 
that the new provisions will have a significant effect on the scope 
of the basic feature of invention. However, to date, their opinion 
is.more prophetic than fact since there has been little opportunity for 
the courts to adopt a concerted stand either way. For complete de- 
talls on this controversial view watch for ‘“‘What You Should Know 
About the New Patent Law,’’ an article which will appear in 
MACHINE Desian for October 
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” ... has to be of such quality and dis- 
tinction that masters of the scientific field 
in which it falls will recognize if as an 


advance.” 
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“ ... three elements are necessary to 


validity . . . novelty, utility and invention.” 


A few years later in another case this same court 
again emphasized these factors that must occur in 
every valid claim for patent protection. The patent 
in this instance, claimed by its owner to be infringed, 
was for a compression baling press for reducing bulky 
items of steel scrap such as fenders and other parts 
of automobile bodies, into a compact and uniformly 
shaped bale. The patent description was, “The com- 
bination of an open-box press provided with an offset 
recess in one of its walls and alined with the adjacent 
wall, a moveable cover for closing the filling opening, 
a ram working transversely of said box for initially 
compressing the material therein and forming a con- 
tinuation of one of the walls of said recess, a second 
ram working longitudinally of said box for compres- 
sing material into said recess, and a third ram oper- 
able in said recess for obtaining final compression of 
material therein.” 

The description of the baling press claimed in this 
action to be an infringement provided that the first 
compression was longitudinal, the second transverse 
and the third vertical. The Federal District Court 
said of the terms used in these descriptions, “Plaintiff 
contends however that the terms ‘transverse’ and 
‘longitudinal’ as used in its patent, are merely relative 
terms in defining the action of the primary and sec- 
ondary rams, the movements of which are transverse 
to each other: in other words, that ‘longitudinal’ does 
not necessarily mean longitudinal in the ordinary 
sense. This theory of relativity is as difficult for me 
to comprehend as the one expounded by Einstein.” 

Nevertheless the court held this second patent valid 
and the Federal Circuit Court of Appeals in sustain- 
ing that decision said of these essentials of a patent, 
“Generally speaking, with reference to the subject 
matter permitted to be patented, there are four ulti- 
mate facts which must exist before an invention is pat- 
entable—authorship, ownership, novelty, not as a re- 
sult of mere mechanical skill, and utility; if one is 
lacking it is not patentable.” 


“Patentable novelty is sometimes found in dis- 
covering what is the difficulty with an existing 
structure and what change in its elements will 
correct the difficulty...“ 
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ferent force or effect, or result in the com- 
bined forces or processes, from that given by 
their separate parts.” 
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“The term ‘useful’ . . . means that the 
machine will accomplish the purpose prac- 
tically when applied in industry.” 
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Invention: An application for a patent for an im- 
provement in the manufacture of multilayer cylinders 
for high-pressure vessels was denied by the United 
States Court of Customs and Appeals. The method 
for which this patent was sought was the application 
of a layer of sheet metal to a partially fabricated wall 
structure of a cylinder, by tightly wrapping the layer 
on the structure with the side edges of the layer mak- 
ing a longitudinal seam to be welded. A similar pat- 
ent had been previously granted for applying heavy 
pressure by the jaws of a press to a covering of this 
character for a hollow shaft and then welding the 
edges. As the court pointed out, the patent denied 
was lacking invention, one of the essential three fac- 
tors demanded by the patent law. 

In contrast to this incident was a patent infringe- 
ment action that came before a Federal Court in 
Wisconsin, involving the validity of a patent for a 
safety shield for use in the operation of power grind- 
ing wheels. In reference to this patent the court said, 
“The solution of the problem of grinding protection 
required the use of a transparent panel to permit an 
operator to have a clear vision of his work while 
screening him from the dust and metal particles 
thrown off by the grinding wheel, plus properly ar- 
ranged illumination to avoid reflections or shadows 
from the wheel or work, so that the hands of the 
worker could effectively be protected from the wheel, 
permitting him to grind accurately, without the possi- 
bility of injuries and in a comfortable nonfatiguing 
position.” Then the court added, of the solution of 
the problem by this inventor, “The inventor solved 
the problem by not merely placing two lights where 
there had been but one before, but by designing a 
small shield structure which could be mounted close 
to the work where it did not interfere with the ac- 
curate close grinding from a comfortable position, 
which protected the worker against eye and face in- 
juries, and which provided adequate diffused illumina- 
tion in an unusual manner without reflections and 
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VALID PATENTS 


without shadows from parts of the machine or the 
work or the worker.” 


Novelty: The feature of novelty necessary for the 
protection of discoveries by the patent law from ex- 
ploitation by others was highlighted in an action 
brought for infringement of patents for chromium 
plating issued in 1926. A silver manufacturer of 
Meriden, Connecticut contracted for the installation 
of a chromium plating outfit and, unbeknown to that 
company and without the consent of the patentee, the 
contractor had installed equipment for the use of this 
patented chromium process. 

The Federal Court in granting an injunction against 
the further use of this process in this instance, said, 
“The evidence adduced clearly establishes the fact 
that notwithstanding all the experiments which have 
been made by many highly trained scientists through 
a period of nearly a century, no satisfactory commer- 
cial process of chromium plating was found prior to 
the discovery by the patentee. Today chromium plat- 
ing seems commonplace.” To this the court added, 
“This inventor discovered a latent difficulty and he lo- 
cated that difficulty only after repeated experiments 
and failures. When the difficulty had been definitely 
determined and located, he then had to hunt for the 
remedy. After continual experimenting he finally 
found the remedy and he is therefore entitled to the 
fruits of his labors. 

“Patentable novelty is sometimes found in discov- 
ering what is the difficulty with an existing structure 
and what change in its elements will correct the dif- 
ficulty, even though the means for introducing that 
element into the combination are old and their adap- 
tation for the purpose involves no patentable novelty. 
The inventor first discovered the root of the diffi- 
culty and then discovered the remedy.” 


Utility: The third feature of patent qualifications, 
utility, was featured in an action involving a metallic 
core for concrete culverts in which the effort of the 
patentee to restrain the infringement of his patent 
ended in an adjudication of the invalidity of the 
patent itself. The patent assumed to provide for the 
production of cores so constructed that they would 
expand or contract, thus being adapted to culverts of 
different sizes. Six of these cores had been made at 
the time of the suit and had proved failures in every 
instance. 

“In other words,” said the federal appellate court, 
“the plaintiff’s invention is ‘new’ but it is not useful. 
The term ‘useful’ as contained in the patent law when 
applied to a machine means that the machine will 
accomplish the purpose practically when applied in 
industry. It is to be given a practical and not a 
speculative meaning. It means that the machine 
will work and accomplish the purpose set forth in 
the specifications. 

“Even if the machine can be made to accomplish 
the purpose specified, it is not useful; within the 
meaning of the patent law, if from its inherent nature 
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it will accomplish the purpose only to such a restricted 
extent as to make its use in industry prohibitive. 
This has been the interpretation put upon the term 
in the patent law from the earliest decisions to the 
present time.” 


Combinations: Of combination features demanded 
in inventions by the patent law before the protec- 
tion of this statute will be extended, and of the ap- 
plication of the law itself to combinations operating 
as inventions, the Supreme Court of the United States 
said in an opinion rendered many years ago, “The 
combination, to be patentable, must produce a dif- 
ferent force or effect, or result in the combined forces 
or processes, from that given by their separate parts. 
There must be a new result produced by their union; 
if not so, it is only an aggregation of separate ele- 
ments. 

“An instance and an illustration are found in the 
discovery that by the use of sulphur mixed with 
india-rubber, the rubber could be vulcanized. The 
eombination of the two produced a result or an article 
entirely different from that before in use. Another 
illustration may be found in the frame in a sawmill 
which advances the log regularly to meet the saw 
and the saw which saws the log; or in the sewing ma- 








"Weather Maps” 


T° evaluate journal bearing performance under 

_ conditions for which no previous data existed, en- 
gineers of the Parsons and Marine Engineering Tur- 
bine Research and Development Association fitted 47 
thermistors to a test bearing and plotted isothermal 
diagrams, Fig. 1, similar to weather maps, of bearing 
temperature. Thermistors are semiconductors having 


Fig. 1—Isotherms in a full journal bearing of Admiral- 
white metal on bronze. Bearing diameter, 6 inches; 
length, 4 inches; diametral clearance, 0.012-inches. Dur- 





chine, where one part advances the cloth, and anoth- 
er forms the stitches, the action being simultaneous 
in carrying on a continuous sewing. 

“A stem winding watch key is another instance. 
The office of the stem is to hold the watch or hang 
the chain to the watch; the office of the key is to 
wind it. When the stem is made the key, the joint 
duty of holding the chain and winding the watch is 
performed by the same instrument. A double ef- 
fect is produced or a double duty performed by the 
combined result. 

“In these and numerous like cases the parts co-op- 
erate in producing the final effect, sometimes simul- 
taneously, sometimes successively. The result comes 
from the combined effect of the several parts, not 
simply from the separate action of each, and is there- 
fore, patentable.” 
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for Bearing Design 


a large change in resistance due to temperature 
change and are stable over long periods. 

Tests were performed using a 6-inch diameter jour- 
nal bearing with loads to 1000 psi at speeds to 290 
feet per second. Effects of viscosity, journal clearance, 
chambering, load and peripheral speed can all be cor- 
related with other design data. 


ing this test, journal speed was 185 feet per second; 
journal load, 500 psi; oil inlet temperature, 120 F; oil 
inlet pressure, 5 psi; oil flow to bearing, 3 gpm 
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MOVING WEBS... crisis crs comporson 


of dynamic behavior for three basic types of lateral control 


a 


a 


By J. A. Baring 
Head, Development Dept. 
Special Devices Div. 
Askania Regulator Co. 
Chicago, Ill. 


IDE-POSITION control of moving webs has long 
S been essential to efficient production in many 

process applications. Since greatest economies 
can usually be realized at highest web speeds with 
larger mill rolls, control requirements have become 
more exacting. Greater speeds imply more severe dis- 
turbances to be corrected and result in a higher pre- 
mium paid in waste material per unit time during 
which errors exist. Higher web speeds also affect the 
behavior of the control loop. An effort to improve 
Overall performance leads to the study of the dy- 
namics of the web itself. 


Types of Control Systems: Web-control arrange- 
ments are of three basic types: (1) Pay-off control, 
(2) Wind-up control, and (3) Intermediate or pivoting- 
roll control. 

Pay-Orr CONTROL: Illustrated in Figs. 1 and 2, the 
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Fig. 1—Pay-otf control system. Web position is meas- 
ured by the sensing head, upper center. Its output is 
transmitted pneumatically to the controller, right, and 
finally to the actuating cylinder, lower center, which 
moves the carriage and reel assembly on its parallel ways 


pay-off reel controller is typically used with laminat- 
ors, slitters and printing machinery. The position 
of the web is usually detected by an optical or pneu- 
matic head. The controller and actuator correct po- 
sitional errors stemming from irregularities of the 
roll on the carriage by lateral movements of the car- 
riage and reel assembly. 

WIND-Up CONTROL: Material at the end of a strip 
process is commonly rewound onto a reel. The smooth 
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reel edge that results from automatic control pre- 
cludes damage to protruding turns during handling 
or storage and aids in future process steps. Fig. 3 
shows such a system. The position of the incoming 
web is sensed by the head. Errors between the car- 
riage position and the position of the web are cor- 
rected by the controller and actuator. The contour 
of the finished reel depends on the web position at 
point of contact on the reel. 

INTERMEDIATE ROLL CONTROL: Edge position control 
can be achieved in the absence of either reel by vary- 
ing the angular position of an intermediate guide roll* 
as in Fig. 4. Moving the roll by an angle 6 shifts the 


*s. E. Amos—*'Web Guiding Control,’’ MACHINE DesiIGn, Sept. 1950, 
Pages 159-162 


Nomenclature 


Web width 

Constant of slipping 
Diameter of cocking roll 
Natural log base 

Force 

Open loop transfer function 
Zero frequency loop gain 
Roller spacing 

Lateral web position 
Ramp function magnitude 
LaPlace operator 

Time 

Web tension 

Roller-web friction force 
Web position on cocking roll 
Web speed 

Lateral web position 
Lateral web position 
Lateral web position 
Web guiding angle 

Angle of cocking roll 
Coefficient of friction 
Web angle 

Time constant 
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Fig. 2—Pay-off control sys- 
a. a, and block diagram, 6 


web from incoming position X to outgoing position Z. 
This type of system can be located at any desirable 
point along the web. The possibility of small roll 
inertia is attractive from the standpoint of control 
performance. 


Web Transfer Function: Evaluation of the relative 
performance of these control systems requires that 
their dynamic characteristics be established. A requi- 
site is knowledge of the dynamic behavior of the web 
itself as it affects the control system. Consider the 
case of the pay-off control in Fig. 2a. The way that 
web position Z responds to changes in carriage posi- 
tion X is a contributing factor to system stability 
and ultimately to any performance criterion. This 
response will be called the web transfer function and 
will be expressed in the LaPlace transform notation. 
This transfer function will be investigated by consid- 
eration of the lateral behavior of a web traveling be- 
tween two rollers. 

In Fig. 5a, a portion of a moving web is shown be- 
tween any two rolls traveling to the right with veloc- 
ity W. If a high lateral friction force is assumed be- 
tween the web and roller BD and if angle a, resulting 
from changes in position X, is small, then Y will be 
led to follow X by the incoming angle «. One may 





























= Controtler (a) 






MACHINE DeEsiG#—September 1953 





























solve for the transfer function Y/X by expressing Y 
as a function of X. The lateral velocity dY/dt is pro- 
portional to the web velocity and the tangent of the 
angle a. Thus, 


— = W tana (1) 
dt 


The geometry of the web and rollers gives 
x-Y 
tana = ——— ..__.. (2) 
™m 


Substituting Equation 2 into Equation 1 gives 
— = — (X — Y) | 
™m . 


Representing d/dt by the LaPlace operator s, permits 
rewriting of Equation 3 as 


Ww 
sY = — (X — Y) (4) 
m 


which can be simplified to 





Y 1 
wie 2 enpeemaaen - ee 
X 718 +1 
where 
m 
ry (6) 
w 


If the position X is suddenly shifted an amount X,, 
then according to Equations 5 and 6, Y will respond 
exponentially as 


Y(t) = X,(1 — et/(mw)) (7) 


Thus the web introduces an exponential or single or- 
der lag term into any control loop involving the geom- 
etry of Fig. 5a. The time constant of this lag de- 
pends on web speed and roll spacing. 

The assumptions leading to this derivation can- 
not always be justified. The web, suddenly deformed 
as in Fig. 5a, will tend to have a nonuniform force 
distribution which will assume a trapezoidal, then tri- 
angular shape, as X increases. The special case where- 
in points C and D just go slack is shown. Tension T 
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CONTROL OF MOVING WEBS 


can then be considered to act through the centroid of 
the force triangles, producing a lateral shifting force 
equal to Tb/3m. So long as the roll friction force T, 
exceeds this value, lateral shifting will not occur. A 
lateral roll friction force, 

b 


T, = T — (8) 
3m 


will then be adequate to prevent lateral sliding of 
the web. Larger values of X can require that T, go 
as high as 

b 


T, = t— (9) 
™m 


to prevent slipping. This latter case occurs when the 
entire tension T is trasmitted by the extreme fibers 
at A and B. 

The value of friction force T, available depends on 
the roll-to-web friction coefficient and the angle be- 
tween the incoming and outgoing web planes at roll 
BD. From Fig. 5b the resultant force on the roller 
resulting from web tension T will be 


F= 27 cos (10) 
2 
If » is the friction coefficient, then 
? 
T; = 2F 7 COS = y (11) 


Thus, with Equations 9 and 11 combined, slipping can 
never occur provided 





b 
2 7 cos —_ ._.. (12) 
m 


IV 


Equation 12 is a sufficient but not a necessary con- 
dition to establish the single-order web transfer func- 
tion given in Equation 5 for any given application. 

Web material plays a vital part in this slipping 
characteristic. With webs of paper or cloth, objec- 
tionable wrinkling or web breaks will occur before 














Z x, x 
S(T95+1) 












































the limiting value of « is reached. Therefore, slipping 
may never be encountered because of the requirement 
of small changes of X to prevent damage. This is not 
necessarily true of metallic webs. 

When slipping occurs on roll BD of Fig. 5a, the ap- 
proximate transfer function can be written as 


Y ad 
— = Cc + —— (13) 
x ms +1 


where C is a constant equal to or less than 1. Re- 
writing Equation 13 gives 


Y Crmns+1 
= ——__ (14) 


x m1s +1 





Equation 13 assumes an instantaneous slippage of 
C times the change in roll position followed by ex- 
ponential guiding action. In the extreme when C = 1 
no dynamic web effects exist. When C = 0 the pure 
exponential response of Equation 5 exists. In specific 
controllers that will be discussed, it will be assumed 
that no slipping occurs and thus that Equation 5 ap- 
plies. 

Now that the behavior of an independent section of 
web has been examined, consideration of an entire con- 
trol system is possible. Effects of head location, web 
speed, loop gain and roller spacing will be consid- 
ered for the three types of systems previously de- 
scribed. 


Pay-Off Control: The pay-off control loop consists 
of the controller, actuator, and web, as in Fig. 2. It 
will be assumed that the controller and actuator can 
be represented by the function, 


x K, 
en (15) 
Z 8(T28 + 1) 


This relationship presupposes an integral type con- 
troller having an inherent time lag of its own equal 
to ro, and a gain K,. If a unit error in Z were applied 
to the controller, the output X would, in the steady 
state, change at rate equal to K, units per second. 


This function can be altered to fit whatever controller 
is to be used. Referring to Fig. 2a, the web position Z 
depends on the two positions X’ and Y. Assuming a 
smooth roll, then X = X’ and 


Y ee re eT e (16) 








Substituting Equation 5 for Y and rearranging give 





1 
m8 +1 
Z m 
—S =... sion ait (17) 
x 718 +1 


where +r; = m/W. 
The open loop transfer function K equals the prod- 
uct of Equations 15 and 17 or 


my, 
m 


K= “ (18) 
8(718 + 1) (res + 1) 








System stability is based on this equation. The web 
dynamic effect is similar to that of an under-compen- 
sated integral network. The location of the sensing 
head determines the attenuation of the network while 
the web speed and roller spacing determine its charac- 
teristic frequency. Locating the head at the carriage 
cancels the dynamic term. Locating it at or beyond 
the first idler roller, results in a single lag function. 
The efficacy of location will be discussed in a later 
section. 
Let 


r=x+2, : (19) 


The performance of the system is described by the re- 
lation between the output position Y and the input 
disturbance X,, called the load-error function. Then 
from Fig. 2a and Equations 5, 15, 17 and 18 the block 
diagram shown in Fig. 2a can be constructed. This 
in turn leads to the load-error function: 





Table 1—Summary of Transform Expressions 





























System Open Loop Load-Error 
Transfer Function Transfer Function Ramp Disturbance 
™m 
Pay-Off K, -- 718 +1 8(r28 + 1) k 
™m, £, 
8(718 + 1) (728 + 1) 717283 + (71 + T2)82 + (1+ K,71 ]} 8 + K, 
m 
me 
Wind Up K, ( m2 8 +1) 8(r28 + 1) R 
KE, 





8(718 + 1) (728 + 1) 





Ky 
8(718 + 1) (res + 1) 


Intermediate Roll 





717283 + (ry + 72) 8? + (1 + 





me 
K,n: ) s+ E, 
™m 


8(r28 + 1) R 








T1T283 + (71 + r2)82 +8 + Ky 
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Actuotor 





Y +1 
a 8(T28 ) (20) 





Xa m, 


8(ro8 + 1) (718 +1) + K, ( 
™ 





s+1) 


This function may be examined for its response to a 
continuous disturbance by applying the LaPlace final 
value theorem. Thus, when X, is characterized by a 
unity step disturbance as might occur at a paste in 
the web, then X, = 1/s. The final value theorem 
shows that when t = o, Y = 0; therefore, no steady 
error in Y exists following a step change in X,. If, on 
the other hand, X, is a ramp function, as it may be 
with telescoping rolls, then its transformed value 
X, = R/s*, and when t = wo, Y = R/K,. Thus, a 
steady error of R/K, (inches) accompanies a constant 
run-out rate of R (inches per second). Since the 
ramp function is typical of the disturbance conditions 
found in practice, loop gain K, should be made as 
large as possible consistent with stability. 


Wind-Up Control: In the case of a wind-up control- 
ler, the sensing head is fixed to the wind-up carriage 
as in Fig. 3a. If it is assumed that carriage motion 
does not affect incoming web position Y, then three 
equations are required to describe the system. First 
the web position at the head, Z, depends on Y and Q 
as, by superposition, 


me 


Z= Bee 4 5 <s ... (21) 








m 
Q@ + 
m 


Second, assuming the same controller characteristic as 
Equation 15, then 
Ky 
z= ——______. (§ — ZX) ; (22) 
8(r28 + 1) 
Third, the instantaneous position Q@ depends on X 
and Y as 
718 


1 
g= —X + ———__ Y (23) 
1s +1 m1s8 +1 





where +r, = m/W. 
Fig. 3b is the block diagram which represents these 
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equations. Stability problems are centered in the 
righthand loop containing the servo integration. 

Shifting summing points and multiplying blocks 
give the combined block diagram of Fig. 3c which can 
be drawn to replace Fig. 3b. Multiplying the func- 
tions in the two loop blocks gives for the open-loop 
transfer function: 


me 
™m 
8(718 + 1) (728 + 1) 








Notice that this is identical in form to Equation 18 
for the pay-off reel. 

Errors in the wind-up operation are the result of 
differences between the instantaneous position Q and 
the instantaneous carriage position X. Thus, the load- 
error function equals (Q — X)/Y, or 


Q-x 
Y  —- m(r48 +1) [8(r28 +1) + Ky] —m Ky 18 


ms(7,8 + 1) 
(25) 





Derivation of Equation 25 is given in the appendix 
section. 

Again application of the LaPlace final value the- 
orem shows that for a step input to Y,Q@ — X = Oin 
the steady state, and for a ramp type input to Y, as 
before, 9 — X = R/K,. Again the controller loop 
gain is an important figure of merit since the ramp 
is representative of actual disturbances in Y. 


Intermediate Roll Positions: Fig. 4a shows a meth- 
od of directing the web by rotating a pivoted interme- 
diate roll. With the roll pivot axis located in the 
plane of the incoming web, the incoming position X 
is unaffected by the pivot angle @. Thus, the web po- 
sition on the roll at point of leaving, v, is independent 
of @. The web position relative to the frame at the 
point of leaving is 


Y=vo+6e.. ‘i (26) 
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CONTROL OF MOVING WEBS 


Since only the translation of the web, Y, influences 
the outgoing position Z, 
Z 1 
—_— (27) 
i 718 +1 
With the same controller function as in the other 
examples, 


ad K, 


— (28) 
Z 8(res8 + 1) 


Equations 27 and 28 lead to the block diagram of 
Fig. 4b, whose open loop function becomes 


Ky 





K = - (29) 
8(r28 + 1) (718 + 1) 
The load error function is simply 
Z 8(T28 +1) 
cian i (30) 





v “8 (ros + 1) (718 + 1) + K, 


Applying the final value theorem to Z/v gives the 
same results as before. 


Web Dynamics Comparison: TABLE 1 shows the tab- 
ulation of open-loop and load-error functions, Notice 
that the pay-off and wind-up systems are function- 
ally identical when m, and mz, are interchanged both 
in the transfer function and the load-error function. 

In each case the web dynamic effect takes on the 
form of an undercompensated integral network, whose 
attenuation depends on head location and whose 
characteristic frequency depends on the web speed 
and roller geometry. In the pay-off case it can be 
seen that locating the head at the reel (Fig. 2a) 
makes m, = m. This location cancels the web dy- 
namic terms. For most controller functions and 
particularly when web speed varies substantially, 
this location of the head is preferred. Fig. 6 shows 
a method of mounting the head in this manner. The 
two rollers shown in the center of the picture move 
together with the pay-off reel assembly. Locating 
the sensing head between these two insures the cancel- 
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lation of the web lag. 

For the wind-up reel, Fig. 3a, the head is moved 
to the upstream side of the fixed reel to achieve the 
same result. This eliminates the need for having the 
idler roll move with the carriage. It is not uncom- 
mon to find systems having m, less than one which 
will oscillate at low web speeds where 7; is large but 
will be stable at high speeds where +r, becomes small. 

If web speed is a constant, then it may be desirable 
to use the web dynamic effect to perform integral 
compensation in the loop. In so doing, the loop gain 
K, may be increased with a resulting reduction in 
run-out rate errors. The head location will then de- 
pend on the attenuation characteristic desired best 
to fit the controller dynamics. If, contrary to the 
original assumption, pure lateral slipping occurs, then 
web dynamics disappear whatever the location of the 
head. 

The intermediate roll system is entirely equivalent 
to a pay-off system with m, = 0. Thus, the web time 
constant will be a part of loop dynamics at all times. 
Although height h may be kept small compared with 
m in the other systems, there will be situations, par- 
ticularly during starting, when the web time constant 
will over-ride all other dynamic elements in the loop. 
This factor may lead to the instability condition men- 
tioned before. 


Error Detection: Any control system is limited in 
its controlling accuracy by some minimum system 
error which will just initiate corrective action, This 
minimum error is inversely related to the maximum 
loop gain which can be carried. 

In the case of the integral type of controller it is 
also dependent on the part of the loop having the 
highest gain. Thus, high gain ahead of the integrator 
provides for smaller minimum accuracy, usually at 
the expense of lower maximum output speeds. A high 
permissible loop gain is obviously desirable from this 
standpoint as well. 


Tracking Error: The most important type of web 
guiding disturbance contains only low frequencies 
since it is often the result of telescoped rolls being 
unwound or a drifting effect in process machines. In 
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Fig. 6 — Pneumatic sensing 

head of pay-off control lo- 

cated between a double 
first-idler roll system 





these cases a constant runout rate is a good approxi- 
mation of a typical disturbance. Therefore the most 
significant system figure of merit is the loop gain K, 
since previous sections have shown that the error in- 
curred in the presence of a constant web runout rate 
is inversely proportional to the loop gain. 

Web disturbance may have a relatively high fre- 
quency effect when caused by a lopsided pay-off reel. 
The disturbing frequency then is equal to the rota- 
tional velocity of the reel. Frequencies may reach 
20 or more cycles per second with fast webs and small 
reels. If it is desirable to correct for these dis- 
turbances, the high frequency characteristics of the 
control system become important. Web dynamics 
should then be canceled by proper head location and 
&@ control system having a wide band pass should 
be used. Consideration of the disturbances to be 
encountered will determine whether high loop gain or 
the controller band pass is more important. 


Summary: Lateral shifting of a moving web is 
characterized by a single lag or a lag-lead function 
whose time constant and attenuation factors depend 
on web speed, roller spacing, web-to-roller friction and 
web tension. With a moving carriage system, proper 


sensing head location can eliminate this dynamic term . 


from the control loop. The cocking roll method can 
minimize but not eliminate the attendant time con- 
stant. 

In all three cases using and integrating-type con- 
troller, an ultimate zero system error follows a step 
disturbance and a steady tracking error accompanies 
& constant runout rate. 

The frequency of the disturbance to be controlled 
determines where to place the emphasis on the sys- 
tem dynamics. Usually a high loop gain is to be pre- 
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ferred over high band pass since constant runout 
rate errors are most frequently encountered. 


Appendix: Derivation of the load-error transfer 
function for the wind-up system of Fig. 3a is based 
on Equations 21, 22 and 23. 

The error of the system is the difference between 
the web position as it is wound on the reel and the 
reel itself. The load changes causing such errors 
appear as variations of incoming web position Y. 
Thus the function (Q—X)/Y must be derived. Solv- 
ing Equation 22 for Z and substituting into Equa- 
tion 21 give 


mM: 
ae. (31) 








my 
[s(ro8 + 1) + K,JX = —Qt 
. m 


Substituting Q of Equation 23 into Equation 31 gives 
an expression of X in terms of Y which can be reduced 


to 


x my, + Mz (718 + 1) 
> = (32) 


(718 + 1) [s(r2s +1) + E,] — M1718 








0 


Solving Equation 23 for X and substituting in Equa- 
tion 31 give an expression for Q in terms of Y which 
can be reduced to 





8(7r28 +1) + Ky] +m 8 
Q K, [8(r2 ) v] 271 
<atimaaies 8 (33) 
Y m 
(718 + 1)[8(ros + 1) + K,] — m 718 








r 


Subtracting Equation 32 from Equation 33 gives 
Equation 25. 
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Spring-Action Fasteners 










YPES and applications of 



























spring-action fasteners, are 
virtually infinite in variety. (—) ee design of ont she serves 
val-purpose as a hinge and 
pager 4 pearing age baa brake ‘uti for a ome as- 
ient nut of moderate load capac- am 
ity which can be readily adapted | ht 
to rapid assembly techniques 1 


























with either threaded or un- 
threaded studs. Although the 
most familiar applications are 
those of a decorative nature on 
parts such as door panels, mold- 
ings, knobs, etc., special types 
have extended the usefulness of 
these fasteners to a variety of 
other design requirements. The 
accompanying illustrations show 
some of the more unusual! types, 
and applications, of Speed Nuts 
mantfactured by Tinnerman 
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Produ ; 
eo ; Curved laterally, this special type fits in the 
; corner where two panels overlap, providing 
; a strong and rigid jo'nt and eliminating 
i the need for extra braces and brackets. 
Ul 
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Serving as an adjustment 
clamp on a control rod as- 
sembly, this fastener is 
rigidly mounted with a 


TT screw to permit synchroni- aa 
zation of a knob dial with 
the control mechanism. 


J 


”) 

Tubular clips, in permanent lock or removable types, 
are advantageous for attachments where there is ac- 
cess to one side only. In the application shown, a 

special tubular type serves as a retainer to hold spacer 
ls tubes in place on mounting bol:s; the barrel shape 
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provides a resilient wedging action between the spacer 
and bolt. 
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Practical solutions for design problems with standard components 


Riveting operations are eliminated by this special 
“U" type nut which is used for blind attach- 
ment of sheets dimpled for countersunk head 
screws. Where screw holes are close to edge of 
sheet, this fastener can be used to replace nut 
plates. 





yo 














Eliminating riveted or welded cage nuts and tapped plates, 
this “J type nut insures permanent fastening under 
vibration loads and minimizes lens breakage in units 
such as lamps. The tabs serve as spacers to prevent 


collapse of the lens retaining rings. 








Vibraiion mounting for tubular members 
eliminates need for spanner and lock wash- 
ers and distributes fastening load over large 
area of the fabric strap. Turned down leg 
engages frame and prevents turning. 











In anchoring coil springs to tubular sections, 


























these clips eliminate the need for drilling 
through both walls of tube. Clips press into ns 
holes and are locked securely by sheared sednaeaaeene = T 
prongs. \ t | 
- i 
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Twin types are used for attaching assemblies having 
fastening locations in pairs. Four sheared legs keep the 
nut in bolt receiving position during assembly. 
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CONTEMPORARY DESIGN 


Coal Loader R ) 


Y UTILIZING four 

drive motors instead 

of two in a newly designed 

model of their Swing-mo- 

tion Loaders, Goodman 

Mfg. Co. has been able to 

eliminate a long, complex 

mechanical transmission, 

and has reduced overal) 

height and total power 

requirements. Built for 

mining coal in low seams, 

the new model 865 loader 

has an overall height 

of only 26% inches, in 

contrast to the 33 to 41% inch heights of the three older models in the 660 

series. Total power requirement of the new 865 loader is 60 horsepower, com- 
pared with 90 horsepower for the older models. 


Power must be provided to drive three units—the digging chains on the 
gathering head, the conveyor which extends the length of the loader, and the 
tractor treads. Additionally, hydraulic cylinders control sidewise swing and 
vertical rise and fall of both the loading and discharge ends. For the front 
conveyor, the swing of 40 degrees to each side (36 degrees on the 660 series) 

is accommodated by a series 
of overlapping vertebrae, 
which also have guide strips 
at the bottom to hold down 
the conveyor flights. This 
construction is necessary 
since no central guide is used 
and the conveyor rises at 
a substantial angle just back 
of the front pivot point. For 
the discharge-end swing of 
40 degrees from each side, 
flexible steel sides form 4 
satisfactory guide for the 
conveyor chain. 
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r Resigned to Eliminate Complex Transmission 

















Comparative simplicity that results from the use 
of four motors instead of two is very evident. On 
the older 660 series, two 45-horsepower motors 
coupled together drive the whole loader, with power 
for the conveyor and gathering-head chains being 
carried by a long shaft and relatively complex gear- 
ing. Two 10-horsepower motors with duplicate elec- 
trical parts connected in parallel drive the tractor 
treads for tramming on the 865 model, while power 
for the conveyor and gathering chains is provided 
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by two 20-horsepower motors connected in series for 
equal current distribution. These two latter motors 
are coupled by a cross-shaft, and two constantly 
engaged safety clutches protect the gathering and 
conveying units in case of a jamup. A total of 30 
horsepower is thus eliminated, and the character- 
istics of each motor can be fitted better to the par- 
ticular load requirements. Two clutches are provided 
on both trams to drive each tractor tread indepen- 
dently in either direction. 


Frame height under the conveyor belt has been 
lowered considerably, since there are no mechanical 
transmission parts down the center of the 865 model, 
and a complex assembly—somewhat inaccessible and 
difficult to maintain—was eliminated. Critical trans- 
mission gearing on the 660 series at the pivot point 
for the loading head is also made unnecessary. 














CAM CURVATURE <a 


Part 2—Reciprocating Inclined : 2 © 
Flat-Faced Follower and Recip- 
rocating Roller Follower 


By A. R. Holowenko and 


Associate Professor 
Mechanical Engineering 
Purdue University 
Lafayette, Ind. 


S AN AID to both the analysis of cam motion 
A and the determination of cam radius of curva- 
ture, this series of articles presents graphical 
methods, adaptable to exact calculations, for different 
types of disk cam systems. The first article (August 
issue) dealt with reciprocating in-line flat-faced fol- 
lower systems. This article discusses reciprocating in- 
clined flat-faced and reciprocating roller follower sys- 
tems. 


Reciprocating Inclined 
Flat-Faced Follower 











Follower Motion: Fig. 11a shows a cam of known 
contour working with a reciprocating inclined flat- 
faced follower. The cam is assumed to be rotating at 
a constant angular speed of 1800 rpm counterclock- 
wise and, at the instant being considered, point P, of 
the cam is in contact with point P, of the follower. 
The radius of curvature R of the cam at the point of 
contact is assumed to be known. 

Although the analysis is similar to that for recip- 
rocating in-line flat-faced followers, Part 1, there are 
differences in attack that merit attention. 
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A kinematically equivalent system is shown in Fig. 
11b where the follower is pictured as being extended, 
while at the center of curvature of the point of con- 
tact of the cam in contact with the follower a slider 
is pictured as being introduced to work in the follower. 
The equivalence will hold as long as the radius of 
curvature of the cam is constant. 

For a velocity analysis, the motion of two coincident 
points, point C, on the cam, where C, is the center 
of curvature of the cam at the point of contact with 
the follower, and point C; on the follower are related 


by 
Vee = Ves » Vozes ..- 


where Veo = (O.C)we = 1.02(1800) (2r)/12(60) = 
16.0 ft per sec; Vg, = velocity of follower, known in 
direction, along the line of motion of the follower, but 
unknown in magnitude; Vgoc3; = relative velocity of 
two coincident points C, and C;, known in direction, 
(parallel to the slot in Fig. 11b) but unknown in mag- 
nitude. Fig. 12a shows the velocity polygon. 

The acceleration analysis may be made with the 
kinematically equivalent system, Fig. 11b. Inasmuch 
as point C, can be considered as a point moving on an- 
other moving body, Coriolis’ component is indicated. 
The equation is 


(9) 


Ace = Acs » nAcecs ® tAcecs » corAc2e3 (10) 


where Ago = (O2C2)w2? = 1.02[1800(2r)]2/12(60)? 
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Fig. 12—Velocity polygon a, 
and acceleration polygon, 6, 
for systems shown in Fig. 11 
Fig. 11 — Cam of known 
contour with reciprocating y, Koo 
inclined flat-faced follower, 
a, and kinematically equiva- 
= lent system, 6 
2, : a 
=3020 ft per sec*; Acs; = acceleration of follower, is found by obtaining the common normal to the cam 
known in direction, along the line of motion of the and follower at the point of contact. The normal in- 
follower, but unknown in magnitude; ,Agoc3 = 0; cludes the instant center. The instant center, point J 


tAgecs is known in direction, parallel to the slot of 
Fig. 11b, but unknown in magnitude; .,Agoc3; = 
2V co¢3w3 = 0, since w, = 0. Fig. 12b shows the accel- 
eration polygon, 

For the selected data, link 3, the follower, is moving 
at a rate of 4.8 ft per sec and is accelerating at the 
rate of 3350 ft per sec? as determined from the veloc- 
ity and acceleration analysis. 


Radius of Curvature: The determination of the ra- 
dius of curvature of the cam necessary for a pre- 
scribed motion of a reciprocating inclined flat-faced 
follower is comparable to that used with the recipro- 
cating in-line flat-faced follower, Part 1, except for the 
variations to be shown. 

The follower in Fig. 13a is known to be in a posi- 
tion where the velocity of the follower is 10 ft per sec 
upward, and the acceleration of the follower is 2000 ft 
per sec? downward. The problem is to determine the 
location of the center of curvature and the magnitude 
of the radius of curvature to satisfy the prescribed 
motion at the instant shown for a cam speed of 1800 
rpm counterclockwise. 

The two loci for the determination of the center of 
curvature are determined from a velocity and acceler- 
ation analysis. One locus for the center of curvature 
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in Fig. 31, is x distance from the center of the cam, 
on the horizontal. The distance x is found from x = 
V/w = 10(12)(60)/1800 (27) = 0.637 inch. This 
factor allows determination of the point of contact of 
the cam and follower, or point P; of the follower is 
found. 

The second locus for the center of curvature is 
found from the acceleration analysis. For this case, 
as for the reciprocating in-line flat-faced follower, a 
kinematically equivalent system will be used in the so- 
lution, even though the correct position of the center 
of curvature of the cam is not known. The equations 
for an acceleration solution are 


Aco = Ape » Acope2 ‘ (11) 


Ace = Ac3 » nAcecs ® tAcecs ® corAczes (12) 


where A, is unknown in direction and magnitude; 
Apo = (OoP2) wo? = 2.18[1800( 27) ]?/12(60)? = 6450 
ft per sec? directed from P, to 02; Agope = (C2P2) we, 
unknown in magnitude since CP, is unknown, with 
point C, to be determined, but known in direction, 
along the line normal to the cam and follower; Ac; = 
2000 ft per sec?, originally specified; ,Agocs = 90; 
:Acec, is unknown in magnitude, but known in direc- 
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~ Follower acceleration 
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tion analysis c 


tion, parallel to the contact surface of the cam and fol- 
lower; oorAcocs = 0. 

There are four unknowns in the two vector equa- 
tions. A simultaneous solution of the equations, as 
done in Fig. 13c gives the solution for the four un- 
knowns. 

The second locus for the center of curvature can be 
drawn in Fig. 13d, parallel to Ags in the acceleration 
polygon to determine the center of curvature C. Or, 
the radius of curvature may be calculated, if desired, 
from Agope = (C2P2)we?. That is, 4500 = (C2P2) 
[1800 (27) ]?/(60)? or C.P, = 0.127 ft = 1.52 inches, 
where C,P, = R. 


Exact Radius of Curvature: The graphical analysis 
for velocity and acceleration affords one a means of 
obtaining an analytical expression for determining 
the radius of curvature. From Fig. 14a, 





R + (020) sin y = Rye + (13) 


COs @ 


where R = radius of curvature; y = angle between 
the radial line from the center of rotation of the cam 
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Fig. 13—At 4, reciprocating inclined flat-faced follower with known position, la 
velocity and acceleration. Problem is to find cam radius of curvature. Successive . 
stages are: 6, one locus for center of curvature from instant center; ¢, accelera- 


tion polygon; and d, second locus for center of curvature found from accelera- 











(ad) 


to the center of curvature and the line from the center 
of rotation of the cam perpendicular to the normal to 
the cam at the point of contact of the cam and fol- 
lower, Fig. 14a (also, y is the angle between the ac- 
celeration of point C, and the relative acceleration of 
points C, and C3, Fig. 14b); R,, = radius of the base 
circle; L = lift; and @ = inclination of the contact 
surface of the follower. 

From Fig. 14b, and with the law of sines, one may 
obtain 





(O02C) we? _ A 
sin(90— 6) — siny 
from which 
A cos @ 
(O.C) sin y = ———— : (14) 
Wo? 


Substitution of Equation 14 into Equation 13 gives 


L A cos @ 
R= BR, + - (15) 
cos @ Wo? 





where an acceleration downward is considered positive. 
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This equation may be handled in the same fashion 
as was that for the reciprocating in-line flat-faced fol- 
lower in determining the minimum base circle radius 
for a given design. 

The various cases for different direction of rotation 
of the cam, different direction of velocity of the fol- 
lower, and different direction of acceleration of the 
follower are comparable to those for the system dis- 
‘ussed in Part 1, and will not be considered. 


Reciprocating 
Roller Follower 











Follower Motion: There are two common ways to 
analyze accelerations in a cam mechanism having a 
roller follower. One method makes use of an equiva- 
lent linkage and the other deals with the relative ac- 
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Fig. 14—At 4, notation and ji 
relationships for development of equation 
ving radius of curvature of cam with in- 
: flat-faced follower, and 5, accelera- 
tton polygon sho trigonometric re- 
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CAM CURVATURE 


celeration between the center of the roller and the co- 
incident point on an extension of the cam. Fig. 15a 
shows a cam with reciprocating roller follower and 
Fig. 15b the equivalent linkage, in this case a simple 
slider-crank mechanism in which the rod connects the 
center of curvature, C, of the cam with the center of 
the roller. In Fig. 16a and b are shown the velocity 
and acceleration diagrams for the equivalent linkage, 
constructed for an assumed angular speed of the cam 
of 1800 rpm. The first step in the analysis is to com- 
pute the velocity of point C of the cam from the an- 





gular velocity of the cam: Vgog = (OC2)w2 = 0.725) 


(1800) (27) /12(60) = 11.38 ft per sec. 
Next, the velocity solution is completed by writing 
and solving 


Veg = Veo » Vesc2 (16) 


The direction of Vp, is vertical and Vp,go is perpen- 
dicular to the line CP. With this information the ve- 
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systems 


Fig. 15—Cam of known contour with 
reciprocating roller follower, a, and 
kinematically equivalent linkage, 5 
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Fig. 17—Velocity polygon, 
a, and acceleration polygon, 
6, for Coriolis solution of 
acceleration with recipro- 
cating roller follower 





4 






























777 








fa) 


(ce) 


{ A= 1020 ft per sec* 
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locity diagram is completed as shown in Fig: 16a. 

The acceleration of point C, is next calculated: 
Age = (O02C2)we? = 0.725[1800( 27) ]2/12(60)? = 
2145 ft per sec?. 

Acceleration Ap, of the follower is found by solu- 
tion of 
Aps = Ace » nApsce2 ® tApace2 (17) 
In Equation 17 Ap, is known in direction (along line 
of travel of follower), Ago is completely known (com- 
puted), ;Apsco is known in direction (perpendicular to 
line CP), and ,Apsco can be computed: ,Apyco = 
(Vpso2)2/(CP) = (11.12)2(12)/0.850 = 1750 ft per 
sec?, 

With this information the acceleration diagram 
can be completed as shown in Fig. 16b. While this is 
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Youre ¥ 

4a 
Voz Fig. 18—At a, reciprocating roller follower with known motion data. Problem 
is to find cam radius of curvature. Successive stages are: b, velocity polygon; 
fay © c, one locus for center of curvature determined from velocity analysis; 4, start 


of acceleration solution; e, completion of acceleration polygon; and f, loca- 
tion of center of curvature from acceleration analysis 
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quite a neat process for finding follower acceleration 
when the center of curvature of the cam is available, 
it breaks down when the radius of curvature of the 
cam is so large that center C cannot be marked on 
the drawing. A more generally usable procedure 
makes use of Coriolis’ law. 

In this solution attention is fixed on center P, of 
the follower and coincident point P, on an imaginary 
extension of the cam. First the velocity of point P, 
is calculated: Vpp = (OoP)wo = 1.492(1800) (2x) / 
12(60) = 23.45 ft per sec. The velocity of P, is 
obtained from 


Vps = Vpo » Vpape2 ee ee eee 


Since Vp, is known to be directed along the line of 
travel of the follower, and relative velocity Vp,po, is 
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CAM CURVATURE 


directed parallel to the common tangent between roller 
and cam, the velocity diagram is completed as shown 
in Fig. 17a. 

For the acceleration solution, the following equation 
is used: 


Aps = Ap2 » nApap2 ® tApsp2 ® corApap2 (19) 


In this equation, App = (OoP)we? = 1.492[1800 
(23) ]2/12(60)2 = 4420 ft per sec? directed from P 
toward O2; ,Apsp2 = (Vpsp2)?/(CP) = (24.65)?(12) 
/0.850 = 8580 ft per sec? directed from P toward C; 
cor4 pape = 2( V psp) we = 2 (24.65) (1800) (27) /60 = 
9300 ft per sec? for which the direction is found by 





Pare Yr 
8 
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™ fe) 
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Fig. 19—Diagrams for use in 


(o development of equation for 
radius of curvature of cam 
with reciprocating in-line 
roller follower: 4, geometric 
relationships; 3, acceleration 

polygon; ¢, velocity polygon 

















rotating Vp,4p. vector 90 deg in the sense of w2, giving 
in this case the Coriolis vector direction from C to- 
ward P; ,Apspo is known in direction only, parallel to 
the common tangent between roller and cam (perpen- 
dicular to CP); Ap, is known in direction only, along 
line of travel of follower. 

Construction of the acceleration diagram from this 
information is illustrated in Fig. 17b. From the start- 
ing point, O,, the known vectors Apo, ,Apsp2 and 
corApspe are put down in order (added). Through the 
tip of the ..,Apype vector is drawn a line in the known 
direction of ;Apgpo. From O, is drawn a line in the 
known direction of Ap,. The intersection of these 
lines gives the location of the tip of the Ap, vector. 
Or, by measurement Ap, = 3670 ft per sec?. 


Radius of Curvature: The data shown in Fig. 18a 
will be used to illustrate the procedure for determin- 
































ing cam radius of curvature in the case of the recipro 
cating roller follower. The rotational speed of the 
cam, plus position, velocity and acceleration of the fol- 
lower, are known. The location of the point of con- 
tact between roller and cam and the radius of curva- 
ture of the cam are unknown. 

The first step is to calculate the velocity of point P,: 
Vpg = (OoP)wo = 1.445(1480) (27) /12(60) = 18.65 
ft per sec. The velocity diagram can then be con- 
structed as shown in Fig. 18b. This layout determines 
the magnitude and direction of relative velocity Vp, po. 
Since Vp,p2 is directed perpendicular to the common 
normal between cam and roller, this normal can now 
be drawn. At this stage of the process, the point of 
contact between cam and follower has therefore been 
located and a line (the common normal) on which the 
center of curvature of the cam must be located has 
been found, as illustrated in Fig. 18c. 








(cos ¥t sin ¥ tone) 





Ap2 


Y ar (sinytane 
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The process is continued with the acceleration equa- 
tion, 
Ap, = Ap2 » nApap2 ® tApap2 ® corApsp2 (20) 


where Ap, is known (given); App = (Osp)w2? = 
1.445 [1480( 27) ]?/12(60)? = 2890 ft per sec? directed 
from P toward O02; oorApsp2 = 2(Vpsp2)wg = 2(18.30) 
(1418) (27) /60 = 5675 ft per sec? directed along the 
common normal, upward from P; ,Apsp2 is known in 
direction only, along the common normal; ;Ap,po is 
known in direction only, perpendicular to the common 
normal, 

With this information, the acceleration diagram 
can be constructed. Starting at O, add the known 
vectors Ap: and oo,Apgpo. Also from 9, lay out the 
the known vector Ajp,, Fig. 18d. 

Through the tip of the ,,,Apspo vector draw a line 
in the direction of the ;Apsp. vector. Through the 
tip of the Ap, vector draw a line in the direction of the 
sApap2 vector. The intersection of these lines com- 
pletes the acceleration diagram and gives the magni- 
tude and sense for the ,Apgpo and ;Ap,p2 vectors, 
Fig. 18e. 

In this example the value of ,Ap,p. as scaled from 
the acceleration diagram is 1980 ft per sec”. Since 
wApsp2 = (Vpgp2)?/(CP), CP = (Vpsp2)?/nApspe = 
(18.30)2/1980 = 0.1692 ft = 2.030 inches. The ,Ap,p. 
vector always points from P toward the center of 
curvature of the cam. Hence center of curvature C 
is located as shown in Fig. 18f. The radius of curv- 
ature of the cam, in this case, is (CP) —r = 2.020 
-0.375 = 1.655 inches. 


Exact Radius of Curvature: The notation to be 
used in developing an equation for cam radius of 
curvature in this case is shown in Fig. 19a. From 
inspection of the acceleration diagram, Fig. 19b, 


(Ap, + Apo) cos @ = corApape2 —_ nApsp2 (21) 
but 

Ape = Yu? . (22) 
where Y = lift plus base circle radius plus roller 
radius. 
Also, 

V 2 
iin; | (23) 
R 


where R is the radius of curvature of the cam plus 
the roller radius. The Coriolis component is 


wApspo = 2(Vpap2)o (24) 
With Equations 22 to 24 substituted in Equation 21, 


(Vpap2)? 
(Apg + Yw2) cos 6 = 2(Vpgp2)e —— (25) 


Inspection of the velocity diagram as shown in 
Fig. 19¢ gives 


Vpe Yow 
cos @ cos @ 





When Equation 26 is substituted in Equation 25 and 
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terms rearranged, the result is 


1 2 cos @ — cos® 6 Ap, 
— = - cos® 6 (27) 
R Y Y2w? 





Angle @ can be evaluated from tan 6 =Vp4/Yw. 

For an offset reciprocating roller follower Fig. 20a 
identifies the quantities entering a derivation of the 
equation for radius of curvature. From the geometry 
of the acceleration polygon in Fig. 20b, 


[Aps + Ap2 (cos y — sin y tan @)] cos @ 


= corApsp2 — nApasp2 (28) 


The following equations can be written: 





Ape = (OP)w? = w? (29) 
cos y 
corApape, = 2(Vpap2)e (30) 
(Vpap2)? 
7 ee — e =e (31) 


R 


Substituting these equations into Equation 28 gives 





w2 
| Ane + (cos y + sin y tan 0) | cos ¢ 
cos y 
V 2 
= 2(Vrure)e — Pee (32) 


Inspection of the velocity vector diagram in Fig. 20c 





shows that Vpypo cos 6 = Vp, cos vy. Hence, 
Vp2 cos Yow 
V pape = = y = (33) 
cos @ cos @ 


Substituting Equation 33 into Equation 32 and simpli- 
fying, 


(Apy + Yow? — Yow? tan y tan 6) cos 6 


2Yw2 Y2w2 
= . (34) 
cos @ R cos? @ 





Finally, solving for 1/R gives 


1 _ 2cos@— (1 + tan y tan @) cos* 6 


rR Y 





Ap, cos 6 


Y2@2 


(35) 


where tan y = —H/Y, tan 6 = (Vp,4/Yo) — A/Y, 
Y = V(R,.+17T)?—H? + L, R,. = base circle radius, 
r = roller radius, H = offset, and L = lift. 

The final article of this series, to appear in the 
November issue, will discuss systems employing oscil- 
lating-roller and flat-faced followers, and a reciprocat- 
ing roller follower with reciprocating cam. 




















Fig. 1—Elements of a hy- 
drostatic flat step thrust 
bearing 
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IMPLE in concept, hydrostatic thrust bearings can 
readily be analyzed by straightforward proced- 
ures. The flat step bearing, Fig. 1, is well known 

and has been treated in detail by others!:?. Exten- 

sion of these principles to a bearing having a conical 
seat seems to offer the possibilities of lateral con- 
straint as well as thrust capacity and will be discussed 
here. Attention will also be given to the load capac- 
ity of a bearing employing a spherical seat. 

For viscous fluid flow in the flat step bearing of Fig. 

1, it can easily be shown that lubricant pressure must 

satisfy the equation, 


R, 
log, (—. ) 
r 


P = Po ; (1) 


OB. 
a 


0 








where p is the lubricant pressure at some radius r and 
other symbols are defined in Fig. 1. Load capacity of 
the bearing is given by 


_ Po (Rx? — Ro?) 


2m. (2) 
og. | —— 
. R 


0 


Ww 





Equations 1 and 2 are also fundamental equations 
for the conical seated bearing, Fig. 2a. Substitution 
of slant distances obtained from a development of 
the conical section for the radii merely results in a 
reiteration of Equations 1 and 2. The slant distances, 
as shown in Fig. 2b and indicated by primes, are 
R, = R,/sin 4, R,;’ = R,/sin g andr = r/sin ¢. 

For the spherical seated bearing, Fig. 3, a film of 
constant thickness will be assumed; when the bearing 

















‘Hydrostatic Thrust Bearings 


By Frank R. Archibald 
Analyst, Mechanical Division, Arthur D. Little Inc., Cambridge, Mass. 





A Leok at 









is under load the centers of the spherical seat and the 
ball are coincident. This assumption simplifies an- 
alysis and seems to give good results. Lubricant pres- 
sure is 





f sin gi 1 — cos ¢ 

loge | — 
L sin ¢ 1 — cos ¢; 

P = Po (3) 


| sin ¢) 1 — COS ¢o 
one) 

Sin go 1 — cos ¢; 

where p is the lubricant pressure at some angle ¢ and 


other symbols are defined in Fig. 3. Load capacity of. 
this bearing is 








T Do R2 (cos — COS ¢}) 
ee Po 0 $1 (4) 


of et? | 
=(3), 


The validity of Equations 3 and 4 has been demon- 
strated by tests on a model spherical bearing?. A steel 
ball 6 inches in diameter and weighing 31.88 pounds 
was supported in a cup with ¢, = 39 deg and ¢; = 
5614 deg. From Equation 4 











tan 28° 15’ ) ] 


31.88 [ 10 ( 
Be \ “tan 19° 30’ 


= = 2.09 psi 
” 9 a (cos 39° — cos 56° 30’) 





Actual observed pressure necessary to “float” the ball 
was 2.07 psi. 
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Fig. 2—Left — Hydrostatic 

thrust bearing with conical 

seat showing a, bearing ele- 

ments and 6, development 
of conical surfaces 


Fig. 3—Right—Elements of 
a spherical seated hydro- 
static thrust bearing 
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AN EXACT 


Computing Linkage 


. - « based upon a single-link 
mechanism which generates 
the ancient cissoid of Diocles 


By Leo S. Packer 
Physics Dept. 
Cornell Aeronautical Lab. 
Buffalo, N. Y. 


eral variations of the story of the origin of the 
problem of duplicating the cube. One story relates 
that Athens was struck by a ravaging plague in 430 
B. C. The citizens, frightened and discouraged, con- 
sulted the oracle at Delos for advice in placating the 
angry gods. The oracle cryptically suggested that 
the cubical altar to Apollo be replaced by a new altar 
with double the cubic content of the old one. Distin- 
guished geometers hastened to solve the problem and 
suggested as a first try a cube with edge double that 
of the old, but found to their surprise that the volume 
was eight times that of the original. No one knows 
whether the gods were angered by this evidence of 
professional incompetence or whether they mitigated 
the plague with godlike tolerance of man’s ignorance. 
At any rate, the story is intriguing whether true or 
not, and it is said that the city recovered and pros- 
pered but the altar of appeasement was never built. 
The Delian problem of doubling the cube persisted 
for centuries. Joined by its sister problems of trisect- 
ing an angle and constructing a square equal in area 
to a given circle, the cube problem was a beloved frus- 


I’ THE history of Greek geometry, there are sev- 
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| Fig. 1—The cissoid is 
the locus of point P; 
| OP=QS and line OS 
revolves about point O 























tration for mathematicians until its relatively recent 
illumination by modern analysis. The core of the dif- 
ficulty was that as heirs to the geometry of Euclid the 
Greeks were bound by the severe restrictions of 
Euclidean construction, namely, the use of only a 
straightedge and compass. It was sacred law that 
these constructions be so performed, And we have 
learned since that these tools are inadequate for 
exact solutions of the problem. Although many ap- 
proximate solutions of amazing accuracy have been 
and continue to be given, the problems have not been 
solved in the spirit of their original conception. It 
has been rigorously shown! that it is impossible to 
solve three problems exactly with only a straightedge 
and a compass as tools. 

The cube problem led to several fruitful blind al- 
leys. One of these concerns the cissoid of Diocles. 
It is not certain just when Diocles lived; it is very 
probable that it was in the last half of the second 
century B. C. or in the beginning’ of the first cen- 
tury B.C. Diocles invented the curve in the search 
for a solution to the problem of doubling the cube. 
Although the curve permits the solution of the prob- 


171 





lem, the failure of the construction and the frustra- 
tion of Diocles are that the curve cannot be con- 
structed by straightedge and compass alone. As many 
points on the curve as desired can be obtained with 
the two basic Euclidean tools, but to obtain all points 
on the curve would require an indefinitely large num- 
ber of constructions, or an instrument other than the 
two of Euclid. Indeed, the Greeks went as far as in- 
venting a mechanism? to generate the cissoid and 
demonstrate its properties, but in their own eyes and 
by Euclid’s criteria the triumph was not complete. 
They did not know that they were grappling with an 
insolvable problem so long as they were shackled 
by the restrictions of Euclidean construction. Nor 
did they know that their quest would become the 
foundation for an elegant and useful body of human 
knowledge. 

In present day computer technology, the science of 
designing linkages and mechanisms has none of the 
aesthetic perfection of Greek geometry. In most 
cases, an approximate device is empirically fitted 
to the desired function generation. Frequently the 
final device must have its errors trimmed down by 
introducing correcting cams, eccentrics and adjusting 
links, and the range of operation is often strictly 
limited.* Nor is there a unified body of design in- 
formation or a general procedure for the mechanical 
synthesis of functional relationships. The present 
state of the art is that the understanding of the 


Fig. 2—The ——_ member serves as a gen- 


erating linkage for the cissoid. For any position 
"a the link, OP = QS 


mathematical kinematicians and the geometers has 
not filtered down to the level of practical applica- 
tion. Practitioners admit that experience and an in- 
tuitive feel are important advantages. Almanacs’ 
have proven to be of value and various simple link- 
ages are handled quite well by graphical or analytica! 
methods. Certain mechanisms have been studied and 
exploited only after having been discovered by ac- 
cident. 

This article describes an exact linkage which is 
based upon a known generator of the cissoid of 
Diocles. The linkage may be used to obtain several 
output displacements which are interesting functions 
of an input displacement. It is suggested that other 
usable displacement transforming properties may be 
found inherent in mechanizations of some of the 
other higher order plane curves. It seems to be 
worth while to hunt for exact solutions in the realm 
of analytic geometry in the hope that in special cases 
they may offer advantages not to be found in the 
presently used procedures. 

The cissoid may be defined® as follows: let OFAK 
in Fig. 1 be a circle centered at C, of radius a, with 
OA a diameter and AT a tangent; draw any line as 
OQS through O, meeting the circle in Q and the 
tangent in 8. On this line lay off OP = QS. The locus 
of point P as the line OS revolves about O is the 
cissoid. 

From this definition, the equation of the cissoid in 
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rectangular co-ordinates relative to axes OX and OY 
is obtained, Let the co-ordinates of P in Fig. 1 be 
x and y and let 


OC = CA=a 
Since triangles OMP and ONQ are similar, 


MP NQ 
= . (1) 
OM ON 


and since OP = QS, 





NA = OM = z 
Moreover, 
(NQ)2 = (ON)(NA) = (2a x)a 


since OQA is a right triangle. Substituting these 
values in Equation 1 gives 
y  V(2a—2)z 


x 2a—-z 





or 


Ss = a 2 
, 2a — x , aes 
Use of the cissoid to duplicate the cube can be 
demonstrated as follows: Extend CK to H making 
CK = HK = a, draw line HA cutting the cissoid at 


Fig. 3—Linkage of Fig. 2 au ted by link 
pivoted at point A provides diversified output 
functions 





COMPUTING LINKAGE 


J, and draw the ordinate EJ. Since CA = 2 (CH), 
then EA = % (EJ), but from Equation 2, 


(mJ)? = (OZ)®  (OE)% 


(BA) 4( EJ) 





Therefore, 
(EJ)* = 2(OF)* 


which is the desired relation between the edges of 
the respective cubes. Note that only point J of the 
cissoid is useful in this way. 

In 1951 the Russian kinematician I. I. Artobolev- 
skii’, one of a group of Russian workers devoting 
major effort to calculating linkages, proposed a gen- 
erating linkage for the cissoid as a basis for obtaining 
the cube or cube root of a number. In Fig. 2, a 
right-angle link DFG with length DF = 2a and side 
FG indefinite in extent moves so that point D is on line 
CK or its extension while the other leg always passes 
through a point L, where L is on the extension of 
line AO, a distance a from point O. Then point P 
which is half way between F and D will trace one 
branch of the cissoid. This truth can be demonstrated 
quite simply by showing that OP = QS, the essen- 
tial geometric condition for the curve in Fig. 1. 

Extend line OP, Fig. 2, to its intersection with the 
















MACHINE DESIGN—September 1953 











diameter CK at R, with the circle at Q and with 
the tangent at 8S. Draw QA and CQ. 

Triangle OCQ is isosceles since OC = CQ = a. 
Therefore angle COQ = angle CQO. Triangle LFD 
is congruent to triangle DCL since both are right 
triangles with a common hypotenuse and one leg of 
length 2a. Then angle DLW = angle LDW. Hence 
triangle LWD is isosceles as is also triangle OWP 
since LO = PD. Then angle WOP = COQ = WPO 
and as opposite angles, angle WPO = angle RPD. 

From the foregoing relationships, angle RPD = 
angle CQO. Also PD = QC = a and, as opposite 
angles, angle PRD = angle CRQ. Thus triangle PRD 
is congruent with triangle QRC and PR = RQ. Since 
OR = R&S, then by subtraction, OP = QS. Thus the 
geometric definition of the cissoid is shown to exist. 

Artobolevskii adds to this known mechanism a 
lever pivoted at A, Fig. 3, and passing through point 
P which describes the cissoid Now, if the distance 
CD is considered to be the input motion 2, and if 
for convenience distance 2a is assumed unit distance, 


Fig. 4—Curves of 


than it can readily be shown by elementary geometry 
that the following relations are true: 


CD=LF=2 


x2 
RP = OR = 


OQ = x8 

1 1 
As = ————_ 
1 + 2? 


x3 
8P = ——— 
1 + 2? 


1 — 23 


sin OLF = -— RS = —_ 
1 + a2 2(1 + a?) 


x2 — ax 


22 23 — 5 


cos OLF = - - TB = ———_ 
1 + 23 2(1 + x?) 


Several of these output displacement functions 


ical functions 


generated exactly by linkage of Fig. 3 
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are shown in Fig. 4 which illustrates the wide variety 
of shapes obtainable. It is apparent that the linkage 
range of operation is not limited, nor is there any 
mechanical locking except very close to x = 0. It is 
possible to conceive a displacement other than dis- 
tance CD acting as the input, so that inverse func- 
tions may likewise be generated. This suggests the 
possibility of obtaining 1/3, 1/2, 2/3, and 3/2 powers 
and more complicated inversions of the functions 
just listed. It seems that a servo-driven linkage like 
the one described may readily be instrumented to 
perform a fairly accurate computing task with the 
aid of components such as rotational or linear poten- 
tiometers, resolvers, optical levers, calibrated springs, 
capacitances, or inductive elements. 

If it is desired to generate a function similar in 
shape to any of those shown here, it may possibly 
be done by empirically changing the pivot point A, 
the distance DF, the location of point P on DF, the 


position of point L, or the relative spacing of points 





O and C. One may thus introduce just enough dis- 
tortion to fit the linkage output to the desired em- 
pirical function. However, the distortion of the link- 
age may cause mechanical locking or loss of a portion 
of the range of the original device. 

As this article suggests, answers to linkage com- 
puting problems may sometimes be found in the field 
of geometry, particularly in devices which generate 
higher order plane curves by continuous motion. 
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Hydraulic Torque Loader Facilitates Gear Testing 


"[ STING marine turbine reduction gears by the 

back-to-back, or circulating torque, method has 
been facilitated by development of a hydraulic torque 
loader which permits the application of a known torque 
while the gears are running. Position of the torque 
loader developed by the Parsons and Marine Engi- 
neering Turbine Research and Development Associa- 
tion in a typical test set-up is in the shaft joining 
pinions or gears of the test gear sets. 

The torque loader, Fig. 1, consists of an inner vane 
ring, with vanes attached to either side of a central 
disk. A pair of outer vane sets are formed on the side 
flanges of the loader. These flanges are bolted to the 
circumferential cover, inside which the inner vane 
ring can move with as little radial clearance as pos- 
sible at the tips of the vanes. The chambers formed 






















Fig. 1—Hydraulic torque 

loader permits applications 

of torques to 15,000 lb-ft at 

4100 rpm during reduction- 
gear tests 


A—Low-pressure gage groove 
B—High-pressure gage groove 
C—High-pressure feed hole 
D—Low-pressure outlet hole 
E—Low-pressure outlet groove 
F—Guard groove 

G—Hydraulic slip ring 
H—High-pressure inlet groove 
I—Inlet hole 

K—Sealing grooves 

L—Cover 

M—Equalizing grooves 
N—Outer vanes 

O—Exhaust hole 

P—Stops 

Q—Inner vane ring 
R—High-pressure oil chamber 
Low-pressure oi] chamber 
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between each alternate pair of inner and outer vanes 
are filled with high-pressure oil, led in through a 
hydraulic slip-ring. The oil exerts pressure on the 
vanes forming the sides of the chamber and produces 
a torque between the outer and inner vane rings. 

The torque varies directly with the pressure dif- 
ference between the high-pressure and low-pressure 
chambers. To measure this difference, gage pipes are 
led directly from the oil chambers by way of the slip 
rings to pressure gages. 

Torque produced by the loader was found to be 
limited by the capacity of the pump, because of 
leakage across the ends of the vanes. Leakage is 
caused by expansion of the drum holding the outer 
vanes under the combined effect of oil pressure and 
centrifugal force. 









CONTEMPORARY DESIGN 


Compact Drive for Drilling Hoist 





een “a A COMPACT, versatile drive sys- 

e pe tem is one of the main features 

of the Ideal T-12 drilling hoist of Na- 

tional Supply Co. An engine-mounted 

torque converter provides highest ef- 

ficiency at low main-drum speeds, 

permitting the 120-horsepower en- 

gine to operate at 80 per cent of 

governed speed even when the con- 

verter output shaft is completely 

| stalled. The catshaft, on which a 

| sand reel (a second drum) can be 

mounted is driven by a double 1-inch 

| pitch chain from the converter. Two 

single 1%4-inch pitch chain drives 

from the catshaft to the main drum 

permit engine output to be applied 

in two speed ranges; two mechanical 

jaw clutches and an air clutch per- 

mit selection of either range. A sec- 

ond air clutch is used on the rotary 
drive to the drill pipe. 





Breakout 
cathead j Rotary drive 
‘sprocket 


Torque converter 



















Cot. An air-actuated inertia brake 
/ drum on the catshaft quickly stops 

Inertia / all rotating parts while speed 
.— changes are being made and 
Bios toe ia) fe prevents creep from the slight 
a drag transmitted through the 
ope torque converter by the idling 
engine. The brake is inter- 
locked with the air-operated en- 
gine throttle so that power can- 


Main drum brakes are of a new design, specifically developed not be applied while the brake 
is engaged. Also shown is one 


for the hoist. An equalizing mechanism, located in back of 

the hoist, permits adjustment of each brake at a single point. of the mechanical jaw clutches. 
Brakes are equipped with replaceable block-type liners over a 
large angle of wrap, providing high snubbing power. Replaceable 
cast-iron brake rims are mounted on the drum flange. Both brakes 
are operated by a single conventional hand brake lever, and a 
built-in piping system is included for water-spray cooling of the 
rims. 


Cot-_} 
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Engine 
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BEAM DEFLECTIONS 
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Data Sheet 





By E. L. Richmond and R. H. Feng 


Research Engineers 
Worthington Corp. 
Plaintield, N. J. 


IN shafts or beams are subjected to various 
loads arranged in a random manner, the re- 
sulting deflections are usually difficult to de- 

‘termine mathematically. Calculation complexity is 
magnified if the cross-section varies along the length 
of the shaft or beam. In such a case, handbook for- 
mulas for beam deflections have little value because 
they are derived for definite load arrangements and 
constant cross-sections. Even the well known mo- 
ment-area and conjugate-beam methods become cum- 
bersome under the foregoing conditions. 

To avoid purely analytical methods which usually 
become complex, this data sheet outlines graphical 
techniques for determining shaft or beam deflection. 
Two forms are presented—a semigraphical method 
and a graphical method. 


Uniform Cross-section Beams: Comparison of the 
analytical method with the semigraphical and graph- 
ical methods is provided by solutions to a problem in- 
volving a uniform cross-section beam or shaft with 
two supports and four concentrated loads. Deflec- 
tions are obtained at the four load points by the three 
methods in Figs. 1, 2, 3. 

In an analytical approach to this problem, the num- 
ber of loads and their arrangement preclude utiliza- 
tion of only one equation for solution of the deflec- 
tions. Therefore the principle of superposing deflec- 
tions can be applied here. Algebraic addition of de- 
flections produced at any one point by each load acting 
separately provides the total deflection at that point. 
This involves setting up and solving 16 equations for 
this problem. 

Analytical determination of maximum deflection 
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presents an involved problem because the point of 
maximum deflection for each load is dependent upon 
the position of that load. To obtain the maximum de- 
flection, deflection curves for the entire length of the 
beam for each load acting separately must be plotted 
for at least ten points along the beam to get a repre- 
sentative curve. The load arrangements in Fig. 1 re- 
quire the solution of 40 equations. The resulting de- 
flection curves from each separate load must be added 
algebraically to obtain a deflection curve produced by 
the combined load forces from which the maximum 
deflection can be determined. Maximum deflection as 
determined by the semigraphical method is shown in 
Fig. 2 and by the graphical method in Fig. 3. 

When a comparison is made of the three methods 
for obtaining maximum deflection, the results show 
that: 


1. If the analytical method were considered correct, 
error in deflection by the semigraphical method 
was 0.0017 in. and by the graphical approach was 
0.0008 in. It is not to be construed from these fig- 
ures that the graphical method is twice as accu- 
rate as the semigraphical but rather that in both 
methods deflection errors are small in value. 

2. Time required to determine the deflection curve 
by the analytical method was 8 hours while by 
the semigraphical and graphical methods it was 6 
and 2 hours, respectively. 

3. Moment diagrams and slope curves are obtained 
additionally by the two graphical methods. 


Stepped Shafts: The fully graphical method is most 
advantageous when solving beam deflections of stepped 
shafts. A problem is solved by this technique in Fig. 
4 for a stepped shaft. The procedure for determining 
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the deflection curve is identical with that for a uni- 
form cross-section shaft except in the treatment of the 
M/EI diagram at the point where the shaft diameters 
change. 


Couples: In Fig. 5 there is a worm shaft problem 
shown that involves a combination of a couple and 
two vertical forces in the same plane of the couple. 
The moment diagram for the couple is considered sep- 
arate from the moment diagram for the vertical forces. 
The two curves are plotted with reference to the same 
base line and then added algebraically to provide the 
combined moment diagram. The M/EI diagram is 
then developed and from this the deflection curve is 
obtained in the previously described manner, 


Cantilever Beams: A cantilever beam problem is 
solved graphically in Fig. 6. The solutions for beam 
deflections is again identical to that outlined previ- 
ously with one important exception. In the layout of 
the string polygon for the deflection diagram, the pole 
(in this case O,) must lie on the horizontal projection 
of the base line of the slope diagram. 


Conclusions: In the analytical method using super- 
position of deflections to find deflections at the loads, 
the number of equations varies as the square of the 





number of forces. With many forces, this method be- 
comes extremely complicated and with stepped shafts 
practically impossible. 

Problems with couples become quite involved with 
the analytical method. In the graphical method the 
moment diagrams for the couples and other forces are 
simply added to obtain the total moment diagram for 


the shaft. Then the M/EI diagram and deflection 
curve are readily obtained. 

In any problem dealing with shafts and beams the 
entire history of the reactions and moments is normal- 
ly required in addition to the deflections to complete a 
theoretical analysis. With the analytical method, the 
determination of reactions and moments require addi- 
tional work while with the graphical methods these 
quantities appear as part of the overall solution for 
beam deflections. The latter method also provides a 
deflection curve for the entire length of the beam thus 
affording rapid appraisal of the critical sections which 
the analytical method cannot provide without long 
and tedious calculations. 
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Fig. 1—Analytical solution of de- 
flections at load points and maxi- 
mum deflection of a shaft having a 
constant circular cross-section with 
two supports and four concentrat- 
ed loads. Solution procedure: 

1. Consider shaft as having a 
single load W of 84 lb at the end 
with both ends overhanging. Cal- 
culate resulting deflection at the 
load from the standard equation, 
y=We? (c+L)/3EI=84 (7.437)? 
(7.437 + 20) /3 (30) (10)® (0.0491) 
= 0.0289 in. 

2. Consider the 164-lb load acting 
alone on the shaft and find the de- 
flection it produces at the 84-lb 
load. 

3. Find the deflection at the 84-lb 
load point produced by each of the 
other loads acting separately. 

4. Repeat this procedure for all 
the other load points by applying 
the proper handbook formulas. 

5. Algebraically add deflections 





produced at any one point by each 
load, obtaining total deflection at 
that point. 

6. To obtain maximum deflection 





value, algebraically add deflection 
curves produced by each load act- 
ing separately for at least 10 points 
along overall length of beam. 
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Fig. 2—Semigraphical solution of 
deflections at load points and max- 
imum deflection of a shaft having 


a constant circular cross-section 
with two supports and four con- 
centrated loads. Solution proced- 
ure: 

1, Draw beam to scale showing 
loads, pertinent dimensions, and 
lines of action, a. 

2. Make force polygon represent- 


ing loads drawn to scale, b. For 
clarity, draw upward and down- 
ward forces and reactions on sepa- 
rate lines. Draw strings from line 
of action from which first force is 
drawn. Locate pole O, any con- 
venient distance H). 

3. Form moment diagram from 
force polygon. Draw string 1 in the 
force polygon between the 84-lb 
load and the left support, R,. Draw 
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(9) Deflection diagram 


a ray parallel to string 1 between 
the line of action of the 84-lb load 
and line of action of the left sup- 
port to initiate the formation of 
the moment diagram, c, Repeat 
this process for the remaining 
strings through 5 which should be 
drawn between the line of action 
of the 164-lb load and the right 
support. Draw ray 6 in the mo- 
ment diagram between the two sup- 
ports to close the diagram. If mo- 
ment diagram does not close, there 
is a couple in the system. 

4. Rearrange the moment dia- 
gram on a horizontal base line by 
transposing vertical elements, d. 

5. Form the M/EI diagram, e, by 
dividing the bending moments of 
diagram d by EI and plotting these 
values from base line X,Xo. 

6. Divide the M/EI diagram, e, 
into geometrical shapes by vertical 
lines to permit easy determination 
of the areas. 

7. From base line X,X, plot to 
scale the magnitude of area A, as 
the ordinate a,b,. Plot sum of areas 
A, and A, as ordinate c,d,. Curve 
X.E,T is formed in this manner 
and represents the first integral 
curve or slope diagram. 

8. Establish the point of zero 
slope or maximum deflection be- 
tween the ends of the beam by the 
mean ordinate of curve X,EH,T. 
Obtain this mean ordinate by di- 
viding area X,E,TX, by the length 
of the base line X,X,. Any ordinate 
to the curve X,#,T from the mean 
ordinate line X.,E,X3, which is 
drawn perpendicular to the mean 
ordinate, represents the actual 
slope at that point. 

9. Determine the beam deflection 
curve by laying off reference line 
JL and from this line plot to scale 
the magnitude of area X,9,b,X, 
(area B,) as ordinate a ,b,. The 
magnitude of area X;h,d,X, (areas 
B, and B,) is plotted as ordinate 
Cod,. Thus the areas between the 
mean ordinate line X,F,X, and the 
slope curve X,E,T are accumulated 
algebraically and become the or- 
dinates of deflection curve JE.L. 

10. Draw neutral axis line X,X;, 
through the deflection curve at the 
points of beam support. Obtain 
deflections by scaling vertical dis- 
tances between X,X, and JE,L. 
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Fig. 3—Fully graphical solution of | to E, which locates the maximum flection point between the supports 




















deflections at load points and max- deflection ordinate on the deflec- by repeating the previous step ex- 
imum deflection of a shaft having a _tion diagram, cept draw a string from pole 0, 
constant circular cross-section with 14. Establish the maximum de- parallel to neutral axis line X,X,, 





two supports and four concentrated 
loads. The solution procedure is 


the same as described in the semi- Ne (b) Force polygon 
































graphical system in Fig. 2 for steps 3| Is 
1 through 5. rN . 

6. Divide the M/EI diagram, e, Al i siti 
into convenient segments as shown. eo} 3 Shoft Dato: m 8 | 
Mark the mean ordinates of each z % ——iemstin. [Tis tin aes an bp 
segment 1, 2, 3,... 12. 2 ;: oom edad ‘sie. Pad 

7. To one side erect a vertical line : 5 164 Ib 3485Ib 16410 
parallel to the ordinates of M/EI e 
diagram e. Project horizontally é one » Scole: jnltttadee 2 $ 26 in. > 
the mean ordinate points 1, 2, 3, s 5 x, Rel | 

(a) Problem 


















etc., to this line. To the left of 
the vertical line at a convenient dis- 
tance H, place pole O, on the hori- 
zontal projection of base line X,X>. a 
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draw ab parallel to O.2, and con- 
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2 yy <x. | 

Complete the string polygon by a | \2 ot | 
joining pole O, with the points 1, ¢ / 9 I 
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ing line 1” parallel to O,1’, line 2” 
parallel to O,2’, and continue this 


W's9-12 
procedure until the curve is com- Fy 
pleted. ad 
12. Draw neutral axis line X,X, Os Yr <¢ 
through the deflection curve at the rf 
points of beam support. Any or- - ‘. 
dinate between the deflection curve 4 
and neutral axis line measured to r } hi ae 
f-<---- xy 


scale will represent the deflection 
at that point. 

13, Establish the maximum de- 
flection point between the ends by 
drawing a straight line from J to 
L. Draw string O,P parallel to JL. 3 
From P draw a horizontal line 00342in. Q0069in. eho 10 ‘00 
until the slope curve is intersected -coziein. ~00147in | 
at E,. Drop a vertical line down (@) Deflection diagram 
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12.57 inS 


E= 30x 108 psi 


5—Graphical determina- 


Fi 
ine of the deflection curve for 
a worm shaft having a com- 
bination of a couple and two 
concentrated loads supported 
at two points. Solution is the 
same as applied in Figs. 3 and 


4. To obtain the complete 
moment diagram, the moment 
diagram for the couple and 
for the vertical forces are de- 
termined separately, then add- 
ed algebraically. 





=— ow 
(Lin.) 4 
Scale: === = 200 Ib- in. /in 


A, 


Scale pL, «22000 Ib- in 


Scale poh 2) *WSH,=O 


"OSH: 
--1500 (31:2)0.0003 in 


lin 


Scale 


(lin.) 



























-4410)Ib-in 
| 


ra 
2 | 


-8 
890 Ib-in 
\ 
| 


| 
(b) Moment diagram 


1175 Ib {{1lb 
4560ib 
a SSS = 5 
Gl et 4 
RE sige. 1 (eRe if 
| fp Re105ib 
=1181 Ib aS Sn 650in pts | 
| ' 
| ; Scale peli); *=S*3in 1 | 
1 | (a) Problem | 11 ' 
| 1 | 
; | 
: : : 4700 +3480 =8180lb-in |! | 
| | 
| 
pt 1,1 | 
i = | | ] | 
| | | \! | 
| i 4700 Ib-in | | | 
| | 
| A3480lb-in.| | 
| ‘ | 
t he | | 
| ve Two vertical forces | 
| ae | | 
\ 1 | 
| ‘ | 
x tl 
f aes = | 
-900ib> °~ | 
"i 10+3480--930 Ib- in BO Ib-in | 
| 
| | 
| | 
| 
| | 
| | 
| 
| 
| 


N 





Scale 





| 
| 
| 
i) 
1 | 
1 | 
; | 
, | 
| 
IY 
} | 
! 


a 
| 
M/I 


| 
| 
| 
| 


and M/ET diagram 


| 





| 





» £90 (3)(2.5)- 1800 


0.00018 in 





/e) Deflection diagram 


| 











MACHINE DESIGN—September 1953 























Cantilever Beam Dota: 


Diam = 2500 in. 
I = 1.92 in“ 
E = 30x10° psi 








(b) Force polygon 
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Fig. 6—Graphical determina- 
tion of the deflection curve 
for a cantilever beam with one 
concentrated load. Solution is 
identical to method outlined 
in Fig. 3 with one exception. 
In the layout of the string 
polygon for the deflection dia- 
gram, place pole O; on the 
horizontal projection of the 
base line of the slope diagram. 
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New Test Faci.ity is 
Largest in Aircraft Industry 


Constructed especially for testing 
structural features of Navy flying 
boats, Convair’s huge steel dock 
now in operation at San Diego, is 
the largest facility of its kind in 
the aircraft industry. 

Maximum height of the static 
test facility is 67 feet, with ceiling 
heights of 56 feet in one bay and 
35 feet in another. Approximately 
2200 cubic yards of concrete and 
60 tons of structural steel were re- 
quired to build the three-foot con- 
crete foundation of the 100 by 196 
foot test chamber. Test recording 
equipment is installed in a sepa- 
rate building which includes of- 
fices for the engineering personnel. 

Components placed in the struc- 
ture will be destroyed during the 
tests for ultimate strength charac- 
teristics in new planes. Various 
types of loads can be applied by 
hydraulic jacks on an airplane. 
The equipment can simulate many 
flight conditions such as rolling- 
pullout, positive low angle of at- 





Night view outlines the huge steel skeleton of the test facility, entirely en- 
closed in p!astiglass siding for weather protection 


tack, symmetrical hull loading and 
dynamic loading. Equipment can 
apply loads ranging from 60,000 to 
1 million pounds from any direc- 
tion and can divide any one load 
into as many as 200 application 
points. 

On the R3Y wing recently tested, 
3000 sponge rubber pads, 5 by 5 
inches were glued to the wing sur- 


A wing under load is shown being tested in Convair’s new static test facility. 


Catwalks above facilitate access to test apparatus. 


Below are hydraulic 


lines and hundreds of wires connected to strain gages 
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face. These pads, plus a “whiffle- 
tree” arrangement which distrib- 
utes the load applied by hydraulic 
ram, make it possible to duplicate 
accurately every flying or landing 
condition load that an airplane is 
likely to encounter. 

Future tests will include an R3Y 
pressurized hull, which will be 
bent, twisted and subjected to 11 
different loading tests in a simu- 
lated flight at 30,000 foot altitude. 


Electric Motors 
Rerated by NEMA 


New standards allowing more 
horsepower to a particular frame 
size for all of the popular high- 
production alternating current elec- 
tric motors from 1 to 30 horse 
power were announced recently by 
the National Electrical Manufac- 
turers Association. The advent ol 
superior insulating materials, new 
and better silicon steels and im- 
proved techniques, as well as ad- 
vances in motor design, permit 
packing more horsepower in a giv- 
en space. The new standard per- 
mits a 30 horsepower motor to be 


MACHINE DesigN—September 1953 

































—— 


LOOKING AHEAD TO 
ECONOMIES 


PRODUCTION? 






BABBITT ON 
STEEL OR 
BRONZE 















ALUMINUM 
ON STEEL 


MOLDED 
POWDER 
METAL 


7) BRONZE 
ON STEEL 


ALUMINUM 
ALLOY 


CAST BRONZE 


MACHINE DEsIGN—September 1953 


OHNSON 









SLEEVE 
BEARINGS 
WILL HELP! 


@ The sleeve bearing is much lower in original cost 
than any other type from which you may choose. In over 90% 
of your applications a Johnson Sleeve Bearing will give long, 
trouble-free service . . . in many instances, for the life of the 
product in which it is installed. It is quiet, corrosion resistant, 
conformable, and simple in construction. Possibly you are buying 
more bearing than you need. You can simplify and save with 
Johnson Sleeve Bearings. They are available in cast bronze, cast 
aluminum alloy, bronze-on-steel, aluminum-on-steel, babbitt on 
steel or bronze, molded powder metal (pre-cast bronze powder), 
and graphited types. Johnson engineers wiil gladly consult with 
you on changing your designs to use economical Johnson Sleeve 
Bearings. Write for an appointment. 


JOHNSON BRONZE CO., 525 South Mill St., New Castle, Pa. 
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constructed to the same size as a 
15 horsepower motor was previous- 
ly. 

Motors conforming to the new 
standards will continue to meet the 
same performance standards of 
torque, temperature rise and start- 
ing current limitation as before. 
The frame numbering system also 
remains the same although motors 
from 1 to 30 horsepower can now 
be constructed using the same 
number of frames previously re- 
quired for the 1 to 15 horsepower 
range. 


Ten Pound Motor 
Develops 25 Horsepower 


Said to be little larger than a 
rolled up newspaper, an expend- 
able electric motor helps guide 
Navy torpedoes on a true course. 
Working life of the motor is only 
one-fifth of a second, the time nec- 
essary to impart a velocity of 13,- 
000 rpm to the flywheel of the tor- 
pedo’s directional gyroscope. A 
development of Westinghouse Elec- 
tric Co., the motor is 34% inches in 
diameter and 10 inches long. 


SMALL GAS re yg 
Weighi less 100 
sete od about two cu- 
bic feet in volume, this gas 
turbine delivers 50 horse- 
pa at 40,000 rpm. La- 
led the Mars by the 


manufacturer, Solar Air- 


craft Co., it will run on a 
variety of fuels from diesel 
oil to high octane gasoline 


















BUCKET BLASTER: Scalding blasts of air timed by the slotted 
wheel at right, set up violent vibrations in the gas turbine bucket 
seen protruding from the drum-shaped metal support at left to 


* simulate service conditions in a modern 
| ing of the air blasts sets up destructive vibration in the bucket 
and produces fatigue failures in a matter of minutes. Details of 
the reaction of the bucket can be studied by stroboscopic light and 
» strains are recorded while the test is in progress. The machine 
was developed by a GE laboratory scientist 





Electronic Computers Beget 
New Mathematical Techniques 


A new science of computation, 
designed for use with modern high- 
speed electronic computers, is tak- 
ing form. Based on a combination 
of the older hand-machine comput- 
ing techniques with the results of 
new mathematical theories and 
methods of analysis, the new sci- 
ence of numerical analysis is pro- 
viding a reservoir of mathematical 
knowledge that can be drawn on 
for innumerable applications by 
users of large-scale automatic 
computers. 

According to recent announce- 
ments of the National Bureau of 
Standards’ Institute for Numerical 
Analysis, (INA) these new mathe- 
matical techniques are being used 
to translate problems from equa- 
tion form into a form involv- 
ing operations that the avail- 


turbine. Precise tim- 


able computer can perform. Major 
emphasis thus far has been placed 
on techniques for the solution of 
simultaneous equations, inversion 
of matrices and determination of 
their characteristic values and 
methods of integrating partial dif- 
ferential equations, topics impor- 
tant in the solution of problems in 
aerodynamics and other branches 
of engineering research. 

Research and development in 
numerical analysis—the branch of 
mathematics dealing with numer- 
ical calculations—requires inten- 
sive theoretical study based on a 
broad background of pure mathe- 
matics. However, before the ad- 
vent of modern high-speed comput- 
ing machines, numerical analysis 
was unfashionable among profes- 
sional mathematicians, and its de- 
velopment had lagged far behind 
other mathematical disciplines. To 
conduct the theoretical and applied 
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The ever increasing number of cam action applica- 
tions in modern machinery is partially responsible 
for insuring greater efficiency and productivity 
through increased automatic operation. Helping to 
make this possible is the availability of a precision 
means of converting motion originating through cam 
action to adjacent mechanisms with an adequate 
anti-friction cam follower bearing. 


The first such bearing acceptable to machine build- 
ers was produced by McGill and is now used exten- 
sively in all types of automatic machinery. The 
MULTIROL Cam Follower design requires mounting 
by means of securing the stud, leaving the anti-fric- 
tion roller free to follow the cam. 


Another more recent McGill development in cam 
follower design is the MULTIROL CYR series bear- 
ing that uses an inner race rather than the conven- 
tional stud. The bearing is sealed with roller retain- 
ing end plates tightly fitted and secured to the 
shoulders of the inner ring. Yoke mounting is pos- 
sible where desirable with the CYR bearing on shatt 
sizes ranging from %" to 1%” for corresponding 
roller diameters of %" to 4”. 


The CYR series bearing is non-separable with a thick 
outer race section to withstand the heavy shock load 
encountered on all types of cam applications found 
on automatic machinery. This heavy duty bearing is 
not only suitable to direct cam action over a wide 
speed range but it can be applied as a means to 
control motion of machine parts that require guide 
or support rollers. Examples include lathe or planer 
beds, welding machine heads, aircraft wing flaps, 
wire straightening rollers, etc. 


Other Ms GIL i Bearings 





\ 


MULTIROL SE 


MULTIROL CF 


A new 140 page Bearing Reference Guide complete 
with 30 pages of vital engineering data has just been 
teleased by the McGill Manufacturing Company. It 
has the full story on the advantages of MULTIROL 

earings as well as information on MULTIROL 
CF and SE and GUIDEROL Bearings. Send now for 
your copy of McGill Catalog No. 52. 
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Typical Performance 


Bucyrus-Erie Company, South Milwaukee, Wisconsin uses MULTI- 
ROL CYR series bearings as quadrant rollers on the operating 
lever that controls the bucket on their TD-9 one yard Dozer- 
Shovel. These bearings allow easy and free lever motion as they 
ride the quadrant cam in one of four positioning pockets. McGill 
GUIDEROL bearings are used in the PVT hydraulic unit on this 
same Dozer-Shovel. 





Typical of the varied uses MULTIROL CYR bearings can satisfy 
are the track rollers on the highly precision Process Copy Cam- 
eras built by Consolidated Hammer Dry Plate and Film Company 
of Chicago, Illinois. Here four CYR bearings support and guide 
the copy board along rails before the camera. These bearings 
permit free and accurate adjustments for sensitive camera focus. 


MG l L “@ — Precision Bearings 


McGILL MANUFACTURING COMPANY, INC. 
200 N. Lafayette Street, Valparaiso, Indiana 
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investigations in this field that are 
necessary in order to fully utilize 
the postwar developments in auto- 
matic computing, INA was estab- 
lished early in 1948 as part of the 
Bureau's program in applied math- 
ematics and computing machine de- 
velopment. The INA now has a per- 
manent staff of about 70, supple- 
mented by visiting scholars from 
universities and other research or- 
ganizations who are permitted to 
use the facilities of the Institute. 


The First Conference on Mech- 
anisms will be held on October 
12-13, 1953, in the Memoria] Un- 
ion Bldg. on the campus of Pur- 
due University at West Lafay- 
ette, Indiana. Purpose of the 
Conference is to better acquaint 
designers and other engineering 
personnel with the capabilities 
and applications of mechanisms 
in automatic machinery as well 
as design of mechanisms for 
such applications. Joint spon- 
sors of the Conference are the 


Packaged System 
Monitors Nuclear Reactors 


The first “packaged automatic 
control system to electronically 
monitor the operation of atomic 
piles and their related processes” 
has been successfully designed. A 
completely integrated control unit, 
the system will include a multiplic- 
ity of electronic instruments—am- 
plifiers, servo-amplifiers, recorders, 


First Conference on Mechanisms 





Mechanical Engineering Dept. of 
Purdue University and the Edi- 
tors of MACHINE DESIGN, 

Advance registration is advis- 
able and may be made with the 
special postcard opposite page 
176 in this issue. 

Fee for the Conference is $20 
per person which may be paid 
in advance or at the time of 
registration. All checks accom- 
panying advance registrations 
should be made payable to Pur- 
due University and mailed to 


Program-—First Conference on Mechanisms 


controllers and servomotors. These 
will automatically regulate the rate 
of power generation of nuclear re- 
actors (atomic piles) at predeter- 
mined levels. Essentially this is 
done by automatically regulating 
the reactor’s control rods, which 
are analogous to an automobile 
throttle. 

Control systems for atomic piles 
have previously been designed by 
the Atomic Energy Commission. It 
purchased the control instruments 






Mechanisms Conference, Comp- 
troller’s Office, T.E.D., Purdue 
University, West Lafayette, Ind- 
iana. The banquet on Monday, 
October 12 is included in the re- 
servation fee. Overnight accom- 
modations are not included in 
the fee, and should be reserved 
at the Union Club on the campus 
or the Fowler Hotel, Lafayette, 
Indiana, as soon as_ possible. 
Rates are from $3.50 single, 
$4.50 double and $6.00 twin at 
the Union Club, 




























































Session 1—Mechanisms Today 
(Morning—October 12) 
Welcome 
George Hawkins, Dean, Schools of Engineering, 
Purdue University 
Mechanisms in Industry 
Colin Carmichael, Editor, MACHINE DESIGN 


Plans and Purposes of The Conference 
E. S. Ault, Professor of Machine Design, Pur- 
due University 

Mechanisms and Their Classification 
A. §S. Hall, Professor of Mechanical Engineer- 
ing, Purdue University 


Session 2—Mechanism Problems with High-Speeds 
(Afternoon—October 12) 

Recognition and Treatment of Acceleration 
A. Holowenko, Assoc. Professor, Mech. Engrg., 
Purdue University 

Design and Application of Noncircular Gears 
H. E. Peyrebrune, Vice Pres., Eng., Miehle 
Printing Press & Mfg. Co. 

Utilizing Irregular Gears for Inertia Control 
W. W. Sloane, Vice Pres., Eng., Goodman Mfg. 
Co. 





Conference Banquet 
(Evening—October 12) 
Toastmaster: Colin Carmichael, Editor, MACHINE 
DESIGN 
Speaker: Dr. M. B. Ogle, Head, Dept. of History and 
Government, Purdue University 


Session $3—Procedures in Mechanism Design 
(Morning—October 13) 

A Simplified Approach to Linkage Design 
E. W. Pike, T. R. Silverberg, P. T. Nickson, 
Equipment Engineering Div., Raytheon Mfg. 
Co. 

Designing Cams with the Aid of Computers 
R. F. Griffin, Research Eng., Warner & Swasey 
Co. 


Session 4—Applicatiors of Mechanisms in 
Automatic Machinery 
(Afternoon—October 13) 

A Systematic Method of Correlating Motions 
J. Longstreet, Chief Textile Eng., Warner & 
Swasey Co. 

Round Table Discussion with Authors 
Chairman: Roger W. Bolz, Associate Editor, 
MACHINE DESIGN 


















MACHINE DESIGN—September 1953 




















(Advertisement) 





Facts about 
HELI-COIL inserts 
you should know 





W hat they are 
Heli-Coil* screw thread inserts are pre- 
cision formed coils of stainless steel or 
feng es bronze wire. Wound int> tapped 
oles, they form permanent, non-corrosive, 
strip-proof threads of astonishing strength. 
Available for National Coarse, National 
Fine and Unified threads, pipe threads 
and spark plug threads. They are made 
in all standard sizes and lengths for assem- 
blies requiring Class 3, 3B, 2 or 2B fits. 


W bat they are for 


AS ORIGINAL COMPONENTS: Heili- 
Coil inserts are used to provide stronger, 
lighter fastenings, corrosion-proof, wear- 
proof threads in all assemblies. 


FOR PRODUCTION SALVAGE: 
When conventional tapped holes are dam- 
aged in production, restore them on the 
line with Heli-Coil inserts. Get better- 
than-original strength with no increase in 
screw size and no tell-tale signs of rework. 


FOR SPEEDY REPAIRS: When tapped 
threads wear, strip or corrode in service, 
renew them in minutes on location in 
shop or field with Heli-Coil inserts. No 
welding—no plugging—no secondary 
machining —no oversize screws. 


How they work 

Holes are drilled and tapped as you do for 
ordinary threads—then Heli-Coil inserts 
are wound into tapped holes by hand or 
power tools. Install in a few seconds, as- 
sure thread protection forever. Can be 
used in any metal wood or plastic. 


No other method is so simple, 
effective and practical, 


What they do for you 
Heli-Coil inserts save money because they 
strengthen threads and make fewer smaller 
fastenings do the same holding job. They 
make lighter bosses and flanges practical 
and they save weight in two ways: (1) by 
er mpens g use of cap screws, instead of 
Its and nuts; (2) by allowing use of 
smaller, shorter, fewer cap screws. Heli- 
Coil inserts protect your product from 
thread wear, galling and stripping for 
life in every kind of metal, in plastics or 
wood. They preserve customer good-will 
by preventing product failure, due to 
thread fault. Heli-Coil inserts improve 
the end product, cut rejects, salvage 
threading errors. 


Best time to put Heli-Coil inserts benefits 
to your use is right at the designing board, 
as many leading manufacturers are doing. 
But to convince you of their many advan- 
tages ask for a working demonstration 
tight on your production line. Write to- 
day! Complete information and engi- 
ucering data is available in the Heli-Coil 
catalog. Use Coupon! 


*Reg. U.S. Pat. Off. 


Approved for All Military 
and Industrial Uses 
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Sales demanding “twice the product at 

half the price’? Does production want “half the cost and half the time” 
on the production line? Where are you? 

Caught in the middle? 


You can be a hero to both sales management and produc- 
tion management by telling them about Heli-Coil* Screw 
Thread Inserts. 

These precision formed inserts of stainless steel or phos- 
phor bronze wire make vastly stronger threads in metal, 
plastics, and other materials. So much stronger that you 
can safely use smaller and fewer and shorter cap screws— 
thinner sections, lighter bosses. Thus costs are reduced, 
production simplified. And threads cannot strip, corrode or 
gall—they never wear out. 

Learn how other designers are using Heli-Coil Screw Thread 
Inserts. Get the technical data you need to apply them to 
your “threadaches.” Use the coupon —now! 


*Reg. U.S. Pai. Off. 
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HELI-COIL CORPORATION |, 

1 129 SHELTER ROCK LANE, DANBURY, CONN. " 

i (1 Send Free samples and Handbook No. 652, a complete design 
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and developed its own regulating 
systems which varied from instal- 
lation to installation. 

Initial function of the control 
system, made by Minneapolis Hon- 
eywell Regulator Company’s Indus- 
trial Div., is to guarantee a safe 
“start-up” of the chain reaction. 
This chain reaction commences 
when the nucleus of a uranium 
atom is split under neutron bom- 
bardment. As it splits, it releases 
more neutrons which, in turn, split 
additional nuclei, thus producing 
a chain reaction. To sustain this 
reaction a specified number of neu- 
trons must be liberated per second. 

As the control rods are removed 
to begin this chain reaction, a neu- 
tron-sensitive detector in the re- 
actor itself sends out tiny “pulses.” 
These are picked up by an elec- 
tronic amplifier—one pulse for each 
neutron detected by the chamber. 
Another electronic device counts 
these pulses, totaling them on a 
digital register. The operator, by 
determining the number of pulses 


MOST POWERFUL MOTOR: Stator, left, and 
rotor, right, of the most powerful electric motor 
ever built are shown being installed at the USAF 
Arnold Engineering Development Center. De- 
veloping 83,000 horsepower, the motor is one 
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occurring per second (or any given 
period of time) knows the rate at 
which the reaction is increasing 
and adjusts the control rods ac- 
cordingly. As the reaction increas- 
es, still another electronic instru- 
ment, a counting rate meter, inte- 
grates these pulses, translating 
them into voltage readings propor- 
tional to the number of pulses de- 
tected per second. The overall ef- 
fect is to provide the operator with 
an automatic means of sensitively 
regulating the early stages of the 
chain reaction. 

During this entire start-up proc- 
ess, and after the proper operating 
level has been reached, other elec- 
tronic units in the control system 
are continually monitoring the re- 
action. For example, one series of 
electronic amplifiers and recording 
instruments monitors the reaction 
for too rapid a rise in the power 
level. If the units detect any ab- 
normality they immediately shut 
down the reactor. Another series 
of amplifiers acts to prevent the 
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power level from going too high. 
Should this occur they also will 
immediately shut down the reactor. 

Once the reactor is safely started 
and at the desired operating level, 
a final control series takes over to 
regulate the chain reaction continu- 
ously at previously determined lev- 
els. To accomplish this, a specially 
developed instrument called an elec- 
trometer records the power level, 
signalling servo-amplifier units. 
These units, linked to special servo- 
motor equipment, automatically ad- 
just the control rods to regulate 
the nuclear reaction. 


Pressure Vessel 
Tests Sub Signal System 


A large pressure vessel has been 
used to provide hydrostatic pres- 
sure comparable to or even greiter 
than that exerted upon a subma- 
rine at maximum operating depth. 
For testing performance of a sub- 
marine signal ordinarily ejected 
from a sub far below the surface 


ff two being built by Westinghouse. The two 
$,000-horsepower motors with two 25,000-horse- 
motors will provide 216,000-horsepower 
to drive air at transonic and supersonic speeds 
through wind tunnels at the development center 
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The answer to any 
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. .. because you'll find all the right answers 
in a Hyatt catalog. Hyatt’s complete line 
of cylindrical roller bearings — more 
than 800 sizes in the Hy-Load series 
alone—makes your job easier, because 

it makes possible greater design flexibility. 
And in addition, when you specify 

Hyatt bearings you know you’re getting 
the very best! If your file of Hyatt 

catalogs is incomplete, contact one of 
Hyatt’s sales-engineers—or write to 

Hyatt Bearings Division, General Motors 


Corporation, Harrison, New Jersey. 


oT ROLLER BEARINGS 
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of the sen and developed by the 
Naval Ordnance Laboratories, the 
method eliminates the use of sub- 
marine and crew for extended test 
periods and provides a quick, ac- 
curately controllable means for 
testing. 

Signals are actually launched 
into the pressure vessel. Velocity 
attained by the signal in rising 
from the sub to the ocean’s sur- 
face is simulated by decreasing 
vessel pressure at a rate compar- 
able to the change in ocean water 
pressure. 





Thirty-seven tons of batteries 
power a new coal hauling unit con- 
sisting of two 20-ton locomotives 
and two power cars housing the 
batteries. Less than 4 feet high, 
the unit is over 100 feet long. Bat- 
teries, developed by Gould-Nation- 
al Batteries Inc. for the job, are 
240-volt 2,668 ampere-hour units 
of the 6 hour discharge rate. Lo- 
comotives. made by Jeffrey Mfg. 
Co., will operate a full 8 hour shift 
on one charging. 


AMA Sponsors 
Management Seminars 


More than 2000 executives will 
participate in the 20-week fall pro- 
gram of seminars conducted by the 
American Management Association. 
“Management of the Engineering 
Function,” “Getting the Maximum 
Benefit from the Product Research 
and Development Department,” 
“Practical Progress Toward Auto- 
mation,” and “The Organization of 
the Quality Control Function,” are 
seminars of particular interest for 
engineers. 
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Seminars scheduled are of two 
types: workshop seminars, discus- 
sion groups of 15 exchanging infor- 
mation and experience; and orienta- 
tion seminars, limited to 30, for 
instruction, practice or review in 
a particular subject. The orienta- 
tion seminar was developed this 
year to provide short meetings for 
“refresher” purposes plus a picture 
of the latest developments. 

Previous leaders have included 
Lloyd A. Hatch, Vice-President, Re- 
search & Product Development, 
Minnesota Mining & Mfg. Co.; Wal- 
ter B. Schaffir, Product Engineer 
(Administrative), Sperry Gyro- 
scope Co. Div.; Roderic M. Scott, 
Director of Engineering, Perkin- 
Elmer Corp.; Willis M. Cooper, 
Chief Engineer, Engineering De- 
partment, Organic Chemicals Div., 
Monsanto Chemical Co.; Harold 
Engstrom, Manager of Industrial 
Engineering, Sylvania Electric 
Products Inc.; and Dorian Shainin, 
Chief Engineer, Rath & Strong. 

From August 10, 1953 through 
January 27, 1954, 130 seminars 
dealing with 86 specific problems 
will be held. In the three years 
since the first AMA seminars met, 
they have grown to an organized 
program involving 4000 executives 
annually. Additional information 
and copies of the seminar announce- 
ment may be obtained from the 





Seminar Registrar, American Man- 
agement Association, 330 West 
42nd St., New York 36, N. Y. 





Plastic tanks for fresh water and 
oil storage are being installed on 
U. S. Navy minesweepers to con- 
duct service tests. Development 
of the fiber glass reinforced tanks 
has been speeded due to shortages 
of monel and aluminum bronze now 
used. In addition to weighing 30 
to 40 per cent less than metal 
tanks, the plastic tanks are corro- 
sion resistant and nonmagnetic. 
Sizes will range from 100 to 1687 
gallons. 


First Titanium Lab 


The first industrial laboratory in 
the U. S. to be devoted exclusively 
to research and development on 
titanium was formally opened at 
Niles, Ohio, recently. Basic re- 
search, development of titrnium 
and titanium alloys and production 
testing will be carried out at the 
lab by Mallory-Sharon Titanium 
Corp., owned jointly by P. R. Mal- 
lory & Co. Inc. and Sharon Steel 
Corp. 

In addition to normal laboratory 
equipment, metallographic and 
spectrographic equipment, mills 


ANTISUB ‘COPTER: Developed for antisubmarine service, the 
Bell XHSL-1 combines ce high and high rotor tip speed and 
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END VIBRATION AND LEAKAGE. Titefiex® metal hose, used as fill 
and drain lines of SEC Synthetic Cleaning Units, kills vibration and prevents 
solvent leakage at fittings. Tough, wear-and-corrosion-resistant Titeflex is 
just as effective in handling steam, oil, lubricants, fuels, gases, brine, acids, 
compressed air or oxygen. Design and construction of Titeflex assure trouble- 
free performance. Excellent for projects involving extreme configurations. 


CONDUCT STEAM SAFELY. Piates for Carver Laboratory Press carry 
steam up to 200 psi (nearly 400°F.) for heating—water for cooling. The 
connections are flexible, pressure-safe Titeflex. Braiding gives extra strength. 
Added problems of vibration, pulsation, continuous movement, corro- 
sion or abrasion make Titeflex invaluable in scores of other applications. 





CONTROL CRITICAL PRESSURES. How would you connect 280 cyl- 
inders of fire-extinguishing carbon dioxide at 850 psi to line? Walter Kidde 
& Company licked this problem with Titefiex flexible metal hose which met 
all insurance standards and withstood rigid application requirements. Titeflex 
also conveys hundreds of different fluids under as many different tempera- 
ture and pressure conditions. Resists corrosion, vibration, physical abuse. 





FIGHT FATIGUE AND WEAR. Titefiex metal hose eliminated main- 
tenance on air control lines of Unit Mobile Cranes. All-metal construction, 
with braiding woven directly upon the hose, provides great strength and 
resistance to vibration, corrosion, wear and abuse. Flexibility of Titeflex 
permits simplified assembly even where space configurations are problems. 


THE USES FOR TITEFLEX® seamed flexible metal hose and Uniflex seamless flexible metal hose are 
limited only by engineering ingenuity. And Titeflex design engineers—working with customers 
—develop new applications daily. Somewhere in your plant or on your products Titeflex can 
improve operation and maintenance—or simplify a design problem. Our new 48-page Metal 
Hose Catalog No. 200 shows you how and why. To get your free copy, simply mail the coupon. 





TITEFLEX, INC. 

508 Frelinghuysen Ave. 
Newark 5, NJ 
Please send me without cost 
information about the products 
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for hot rolling test specimens, heat 
treating and melting furnaces and 
an X-ray diffraction unit have been 
installed. 

Other facilities of the company 
at Niles are a complete melting 
shop and the Niles Rolling Mill, a 
division of Sharon Steel Corp. Ti- 
tanium and titanium alloy sheet 
strip plate and other flat rolled 
products, as well as rods, hexag- 
onals and forgings are produced. 

Research carried on by the firm 
has already resulted in an im- 
proved melting process which is 
said to produce titanium ingots 
with properties superior to those 
produced ty previous processes. In 
addition, the yield of metallic ti- 
tanium from the titanium sponge 
material is increased. 


ASTM Approves 
63 New Standards 


At the 1953 Annual Meeting of 
the American Society for Testing 
Materials, held in June and July, 
63 new specifications and tests 
were approved and revisions in 185 
existing tentatives ond standards 
were acted upon. All the new and 
revised standards will be published 
later in the 1953 Supplement to 
the Book of ASTM Standards. 


Record Isotope Charge 
Used In Inspection of Reactor 


The largest single industrial col- 
lection of radioactive isotopes in 
the United States—76,000 milli- 
curies of iridium 192—was used re- 
cently in the inspection of a re- 
actor at the Eastern States Pe- 
troleum Co. refinery in Houston. 

Twenty feet high and 5 feet, 6 
inches in diameter, the reactor’s 
walls were 2% inch steel plus five 
inches of concrete and a %%-inch 
chrome-steel liner. The inspection 
by Isotope Products Inc., took 8 
hours and used a single shot of 
iridium 192—in five ™%-inch long 
capsules. 

Film sheets, each cataloged as 
to its exact position on the tank, 
were taped around the steel tank. 
The charge was then loaded into 
a special camera and lowered on 
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FUTURE JET TRANSPORTS: Design studies made by Boeing 
Airplane Co. led to this artist’s sketch of three possible jet trans- 
ports of the future. Powered by turbojet yy speeds of these 


planes will be in the 500 mph range and p 


anes will be able to 


operate from present airports 


a steel cable into the reactor. After 
exposure, the films were developed 
and interpreted by experts. 

Each man working on the proj- 
ect was protected by a dosimeter 
—a device for measuring exposure 
to radiation. The isotopes are 
handled in lead “castles” which 
shield handlers from radioactive 
rays. 





Research, development and man- 
ufacturing operations for the pro- 
duction of specialized military elec- 
tronics equipment are in full prog- 
ress at General Electric’s newly- 
completed military electronics plant 
in Utica. 

Consisting of a steel-frame single 
story structure, 842 feet long and 
352 feet wide with a two-story of- 
fice and laboratory section 632 feet 
long and 75 feet wide, the plant 
contains what is considered to be 
one of the most complete industrial 
installations for the supply of elec- 
trical power in a wide range of cur- 
rents, frequencies and voltages. 








Recently appointed Canadian 
sales representative for American 
Nickeloid Co., Howard S. Griffin 
will be in charge of sales for the 
provinces of Quebec and Ontario. 





Hor: 


“Stupendous—! had all | could 
do to keep from okaying itl” 
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Spherical Roller Bearings 





offer you these 
basic advantages! 









@ Accurate geometrical conformity between 
races and rollers—for maximum load bearing 
capacity at all times. 

@ Inherent self-aligning feature — for continuous 
service and free-rolling even under shock loads and 
at sustained speeds. 

@ All contact surfaces precision ground from 
the finest of bearing quality steels—for minimum 
friction and maximum life under the toughest 
operating conditions. 

@ Races and rollers heat treated according to 
the most advanced metallurgical procedures 
—to insure uniform hardness in all load-bearing parts. 

@ Individual one-piece cast-bronze cage for 
each path of rollers — to eliminate roller binding 
and assure freedom of operation. 

@ Radial stability provided by land-riding cage 
and integral flange on inner race—to give 
accurate roller guiding. 

@ Unit assembly, with sturdy flange and race 
construction—for easy, economical handling during 
installation. 

@ Available from stock with either straight or 

tapered bore—for shaft or adapter mounting. 






























These advantages add up to maximum 
performance for your bearing dollar. That’s why 
it always pays to specify TORRINGTON 
Spherical Roller Bearings. 


















THE TORRINGTON COMPANY 
South Bend 21, Ind. > Torrington, Conn, 








SPHERICAL 
ROLLER 


TORRINGTO EARINGS 


Spherical Roller © Tapered Roller © Cylindrical Roller Needle Ball e Needle Rollers 
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a Florida Flight Test Range 
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Missile Test Range 


A guided missile traveling at 600 
mph or more will cover 100 miles 
in ten minutes or less. During 
first flights, to keep missiles such 
as the Martin B-61 Matador with- 





Oversize corkscrew is a telemeter- 


ing antenna. Helical configuration 
provides good reception 


in the limits of the Holloman Air 
Force Base, New Mexico, flying in 
circles and figure eights was neces- 
sary. The range at the Patrick 
Air Force Base Missile Test Cen- 
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A 1000 mile missile test range over the Atlantic Ocean 
(left) will permit long range testing of guided missiles 
such as the Martin Matador (right) when all neces- 


ter near Cocoa, Fla., will permit 
straight flights of 1000 miles over 
the Atlantic Ocean when all equip- 
ment installations along the range 
have been made. 

Radar and telemetering equip- 
ment is presently installed at the 
Cape, Canaveral, Jupiter and 
Grand Bahama stations and per- 
mits flights in excess of 200 miles 
to be made. This distance takes 
the missile a little beyond Grand 
Bahama at which point radio con- 
trols aim the missile for deep wa- 
ter destruction or destroy it in the 
air. During flights, performance 
data such as speed, altitude, tem- 
perature, fuel consumption and 
structural stresses are continually 
transmitted to ground stations 
from the missile. 


High speed motion picture camera 

with 40-inch telephoto lens records 

flight of guided missiles. As many 

as 30 cameras may be used to film 
the launching of a missile 








sary equipment is installed. Take off of the Matador 
is speeded by a rocket motor at the tail which falls free 
when fuel is exhausted 













VARA ANALYZER: i 
Si , adjustin range 

ca’ KA of valves: as well 
as valve seat seal-off, are 
checked during: simulated 


o ing conditions by this 
page at rng A-P 
Controls Corp. laboratory 





Uses for Rare-Earths 


In Stainless Steel Melting 


Rare-earth oxides improve the 
hot workability of inherently duc- 
tile austenitic stainless steels, but 
do not improve the hot workability 
of hot-short or hard-to-work grades 
of austenitic steels, conclude met- 
allurgists of the Carpenter Steel 
Co. as a result of recent research. 

Additions of rare-earth metals 
and compounds—particularly cer- 
ium and lanthanum—in the form 
of misch-metal produces effects dif- 
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Why you can 
reduce rejection lasses 


with a Kodak Conju-Gage 
Gear Checker 


Why the composite check 


In practice, the final test of gear quality is how the gear works in use. The composite 
check recommended in American Standard B6.11-1951 shows this conclusively by 
measuring displacement of the gear when run against a master of known accuracy. And 
it does it in one quick operation that checks combinations of as many as six types of 
errors. 


Why the Conju-Gage Gear Checker 


Since displacement represents the sum of both gear error and error in the master, the 
accuracy of the master used determines the precision of the composite check. The Kodak 
Conju-Gage Gear Checker uses a master of exceptional accuracy, the Conju-Gage Worm 
Section. Produced by thread grinding, its accuracy is not limited by the same manufac- 
turing processes which limit accuracy in the gear itself. 

To settle for masters of lesser accuracy is to rob yourself of “‘tenths’’—to chance that 
tolerable error in a gear may coincide with error in the master to cause a needless re- 
jection. Or that intolerable error in a gear may be cancelled by error in the master to 


pass a gear that will fail in use. The Kodak Conju-Gage Gear 


Checker automatically records the 


To reject every wrong gear is to guard the quality of your product. To pass every composite effects of runout, base 
right gear is to reduce such rejection losses to a minimum. pitch error, tooth thickness varia- 
To find out more about how a Kodak Conju-Gage Gear Checker can lower costs tions, profile error, lead error, 
while maintaining required precision, send for your copy of the booklet, “Kodak Conju- _ a — a 
Gage Gear Testing Principle.” Write to Checker, Model BU, raed up 
to 8%" pitch diameter. Smaller 


Special Products Sales Division models are also available. 
EASTMAN KODAK COMPANY, Rochester 4, N.Y. 


CONJU-GAGE ~ > INSTRUMENTATION 


++. @ new way fo check gear precision in action 





To pidge rd all kinds of complex parts on a bright screen, Kodak also makes 
two highly versatile contour projectors. 
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LARGE TURBINE: Being 
assembled here for testing 
are the high and inter- 


mediate pressure portions 
of a 120,000 kilowatt, cross- 
com d reheat steam tur- 
bine. The turbine, manu- 
factured by Allis-Chalmers 
Mfg. Co., typifies design of 
units to 250,000 kilowatts 


and higher 


ferent from those caused by rare- 
earth oxides. Essentially, the dif- 
ference is that misch-metal addi- 
tions leave small amounts of cer- 
ium and lanthanum in the steel 
which substantially improve the 
hot working properties. Rare-earth 
oxides improve existing working 
properties while leaving no trace 
of cerium and lanthanum in the 
steel. 

Misch-metal additions to high- 
alloyed austenitic stainless steels 
which are inherently hot-short can 
transform them into ductile alloys. 
Smaller additions of misch-metal 
to low-alloyed austenitic stainless 
steels have proved beneficial in im- 
proving their inherent hot-short- 
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ness and in improving fluidity and 
ingot structure simultaneously. 

Cerium fluoride additions have 
been found to improve the ingot 
surface and the hot-workability of 
austenitic stainless steel containing 
titanium. 





Human engineering as applied to 
design will be developed under di- 
rection of William M. Friedman at 
the Stanford Research Institute. 
Former associate director of Walk- 
er Art Center in Minneapolis, Mr. 
Friedman will be staff consultant 
on design research problems for 
certain of the Institute’s industrial 
program. In 1952 he conducted a 
study of the design problems of in- 
dustry for the West German gov- 
ernment, 


Convertiplane Combines 
Design of Plane and ‘Copter 


A new type of aircraft, the con- 
vertiplane, uses _helicopter-type 
lifting rotors to provide direct lift 
for take-off, low speed flight and 
normal or emergency landings. 

Three designs are now being de- 
veloped by Bell Aircraft under 
USAF contracts. In the first, the 
unlorded rotor type, the rotor 
continues to rotate in its normal 
position during all flight condi- 
tions. However, rotor thrust is 
decreased to zero and rotor rota- 
tional speed is reduced to mini- 
mize rotor drag and power con- 
sumption during high-speed flight. 
Lift and propulsion in high-speed 
flight are provided by a fixed wing 
and propellers or jets. 

A tilting rotor system is util- 
ized in the second method. Com- 
bination rotor-propellers are moun- 
ted near the tips of a fixed wing, 
operating as conventional rotors 
during low-speed flight. For high- 
speed flight, the rotors tilt forward 
approximately 90 degrees to act 
as propellers while lift load is 
transferred from rotors to fixed 
wings. 

In the retractable-rotor type, 
the third conversion method, the 
rotor is braked to a stop for high 
speed flight with lift load trans- 












ferred to fixed wings. The rotor 
is then partially or fully retracted 
to reduce drag. Propulsion in 
high-speed flight is provided by 
propellers or jets. 

Initial uses for convertiplanes 
will be military—for reconnaisance, 
artillery observation, behind-the- 
lines rescue, transportation and 
rapid evacuation of wounded. Al- 
though the convertiplane is not ex- 
pected to displace the helicopter, 
its speed and range performance 
plus its ability for evasive action 
are outstanding. 


The Panama Canal is being over- 
hauled for the first time in 40 
years, as part of a ten year plan to 
enable it to handle more ships. 
Among the myriad pieces of equip- 
ment required for the project is a 
complete set of 398 motor controls 
which were shipped from Newark, 
N. J., in June. All wire insulation 
and other parts liable to deteriora- 
tion in tropical atmospheres were 
specially treated for protection 
against attack by insects, especially 
cockroaches and termites, and fun- 
gus-proofed by the manufacturer. 
Federal Electric Products Co. 


Portable Starter Improves 
Combat Effiziency of Planes 


A portable starter unit in the 
form of a detachable wing contain- 
er for use on t»ctical aircraft has 
been developed ty Douglas Air- 
craft. Under operating procedures, 
the self-contained gas turbine com- 
pressor is ferried by airplane to 
a forward combat base. There it 
is disengaged and used as a ground 
starting cart while the plane, 
which customarily has a built-in 
starter, embarks on its mission 
weighing considerably less or car- 
rying equivalent armament. 

Regardless of its base of opera- 
tions, an aircraft equipped with an 
engine air starter compressor is as- 
sured of unlimited starts for its 
turbojet or turboprop engine. By 
cutting a quarter-ton off the 
plane’s weight, the unit improves 
combat efficiency sufficiently to al- 
low a jet to carry an additional 
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ALL-WELDED DESIGN 
REDUCES COSTS 
CUTS MACHINING TIME 









POSSIOILITIES tm PRODUCT 
© LE Co. 1953 


MEW LINCOLN PLANT CREATED BY INCENTIVE-INSPIRED CO-ACTION IN DEVELOPING 











Fig. 1. All-welded construction makes 
polishing and buffing lathe stronger, morerigid, 
yet cost of base has been cut from $107 to $86. 















REDUCES WEIGHT 15% 


Fig. 3. Welded steel base is made from %", V2" and %" plate. Flame-cut to | 
shape, components are tack welded and then finished welded with fast down SPEEDS Pp RODUCT ON 
hand technique using “Fleetweld 7”. 


| WELDED LATHE DESIGNS CUT COSTS: 
SIMPLIFY PRODUCTION! 


B redesigning lathes for welded steel construction, Divine Bros. 
Co., Utica, N.Y. has cut excess weight from former cast bases and 
reduced manufacturing costs 24%. Eliminated investment in patterns. 


With the present welded steel construction, less machining is re- 





quired and costly storage and maintenance of patterns is eliminated, 
Saving production man hours. 


Of particular tage is the shop’s ability to alter or modify weld- _—Fig. 2. Change to welded design reduced 
P rhea sys aa P y y weight of this lathe 328 pounds! Production 


ed designs at low cost to suit special customer needs. Since pattern _—no longer held up by delivery of castings. 
changes are no longer involved, production is simpler and deliveries 


are faster than possible with former cast designs. 


GET THE FACTS! Latest ideas for speeding 
conversions from cast iron to welded steel 


THE LINCOLN ELECTRIC COM PANY construction are presented in Lincoln Bulletin, 


"Elements of Weldesign". Available to designers 
Cleveland 17, Ohio and production engineers by writing on your 
THE WORLD’S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT letterhead to Dept. 1107. 
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500-pound bomb. 

The pneumatic unit contains an 
AiResearch two-stage centrifugal 
compressor with a _ single-stage 
radial flow turbine. It is self-con- 
tained complete with its own elec- 
tric starter, fuel and lubricating 
systems. The starter is housed in 
a tear-drop container which 


mounts on the bomb racks, its 500 


this new “brain” desi 


lems in small motors for aircraft at the company’s S 


pounds include compressor, bat- 
tery and fuel tank. 

For ground usage, the unit has 
a swivel nose wheel to which is 
attached a manual towing handle 
that actuates a wheel brake when 
released. Stowage space for the 
wheels and handle, as well as pneu- 
matic lines, is provided within the 
container. 




















} HOT BRAIN: Doing two weeks’ work in a half hour is simple for 
ed by General Electric to solve heat prob- 


pecialty Motor 


Sub-Department. The instrument, called an electronic thermal ana- 
log computer (ETAC), solves one to four-mesh thermal problems 


involving intermittent du 


cycles, forced convection and vapor 


cooling. It is believed to be the first computer of its kind ever built 


Biggest Metal Show Opens October 19 


Occupying nearly five acres of 
floor space, exhibits in excess of 
400 will outnumber those at any 
previous Metal Show. Scheduled 
for October 19 through 23 the 
35th Annual National Metal Ex- 
position wili be held at the Mu- 
nicipal Auditorium in Cleveland, 
Ohio. Attendance is expected to 
exceed 75,000 persons, and pre- 
dictions are that approximately 
40,000 of this total will be engi- 
neers and metallurgists. Sponsor 
of the show is the ASM. 

In addition to the exhibition 
area, space has been obtained in 
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the downtown hotels for the vari- 
ous technical meetings of the Na- 
tional Metal Congress to be held 
in conjunction with the exposition. 
Technical papers will be presented 
at these meetings by all four co- 
sponsoring societies, ASM, AWS, 
AIMME and the Society for Non- 
Destructive Testing. 

Additional information regard- 
ing dates and subjects of meetings 
and reservations can be obtained 
from W. H. Eisenman, Managing 
Director, National Metal Congress 
and Exposition, 7301 Euclid Ave., 
Cleveland 3, Ohio. 





Use of Plastics 
To Attain New Peak 


Use of plastics will reach a rec- 
ord high this year according to the 
Society of the Plastics Industry. 
Sales figures for the first five 
months of 1953 show an increase 
of approximately 40 per cent over 
those of the comparable period of 
1952. Actual sales of thermoset- 
ting, thermoplastic, extruded plas- 
tics and molds were as follows: 


% 
1953 1952 Increase 
Thermosetting 
Molded 
Products $43,885,644 $32,430,410 35 
Thermoplastic 
Molded 
Products 57,557,860 36,798,223 57 
Extruded 
Products 9,426,874 8,159.431 15 
Molds 6 216,563 4,998,506 25 
Total 117,086,941 82,340,068 43 


Ball Jointed Manifold 
Solves Vibration Problem 


An unusual exhaust manifold us- 
ing ball and socket connections 
prevents exhaust fume leakage in 
an armored Army personnel car- 
rier. Powered by a 375 hp Con- 
tinental engine, the vehicle will 
travel at a maximum speed of 35 
mph, and over logs, rocks and 
shell holes, up and down steep 





To prevent any possibility 
of exhaust fume leakage under 
such conditions endangering infan- 
trymen and crew, something spe- 
cial was required. 

‘The manifold consists of a series 


slopes. 


of tubes connected by “balls” 
which relieve stresses due to vi- 
bration or thermal expansion and 
contraction. By careful selection 
of materials, Ryan Aircraft Co. en- 
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Any way you look at it 
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ADVANTAGES 


I. Positive locking in every conceivable angle. 


, 

You've been asking for a dial thermometer like 
this—A thermometer that can be positioned and firmly 
locked at any practical angle—now you can have it! 

No stretching or straining to see this thermometer. 
Easy to adjust to required new positions before or after in- 
stallation. No risk of the multi-angle selector working loose. Be Provides that extra “odd angle” instru- 
A specially designed selector assures positive locking at ment which normal stock does not furnish. 
every practical mounting angle and a few turns of one nut lock &. Easy to change to any desired angle, 
the selector securely. before or after installation. 

These instruments, supplementing USG’s complete line 
of Gotham temperature indicators, are designed to fit all standard 
connections and are available in all standard ranges. If you have a 
number of applications requiring “‘odd angle’’ mounting these new 6. Affords easy reading at odd angles. 
multi-angle thermometers will reduce the number and 
variety of instruments you have to carry in stock. 

Before you order an angle thermometer be sure you United States Gauge 


see USG’s new Gotham Multi-Angle Thermometer. Division of American Machine and Metals, Inc. 
Sellersville 2, Pa. 


2. Reduces the number and variety of instru- 
ments required in your maintenance stock. 


5. Saves engineers time when writing 
specifications. 


Gentlemen: 
We'd like to know more about the new USG Multi-angle Ther- 
mometer. Please get in touch with us. 


ee 
Company. 

Address 

es State 
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UNIOR “BRAIN”: This new electronic calculator fills the gap 

tween the “giant brains” and smaller calculators. Called the 
IBM Magnetic Drum calculator, the new machine combines this 
advanced memory device and the stored program concept of IBM’s 


recently announced “701” (Machine 
236) with new high-speed reading capaci 
punched-card equipment for commercial an 


gineers, designed the manifold so 
that manifold heating expands the 
balls in the sockets to tighten the 
seal. Materials used also had to 
resist corrosion and oxidation in 





the presence of hot exhaust gases. 
A corrosion-resistant nickel-alloy 
cast iron, Ni-Resist, is used for the 


balls. Chromium-nickel stainless 
steel tubing forms the main part 
of the manifold. 


A new research center, said to be 
the most modern in the entire elec- 
trical industry, is under construc- 
tion for Westinghouse Electric 
Corp. Built on a 70-acre plot near 
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esign, May, 1953, Page 
in conventional 
engineering use 


Pittsburgh, the research center is 
scheduled for completion early in 
1955. Approximately one - third 
larger than the present laborator- 
ies and providing room for future 
expansion, the new center replaces 
the present laboratories located 
nearby since 1916. Design of the 
new center is such that the working 
area can be enlarged by rearrang- 
ing interior walls and facilities. 
Also under construction for 
Westinghouse is a $6 million steam 
and gas turbine research and devel- 
opment laboratory at South Phila- 
delphia. To be completed this fall 
and ready for use in the summer of 
1954, the four story building in- 
cludes 750 tons of structural steel. 


Electron Beam Interferometer 


Research on the wave properties 
of electrons has resulted in the 
development of an interferometer 
that utilizes electron beams to pro- 
duce interference fringes for length 
measurements in much the same 
way as conventional optical inter- 
ferometers use light beams. Na- 









tional Bureau of Standards scien- 
tists employ diffraction from an 
extremely thin crystal as a means 
for splitting and recombining an 
electron beam and use an elec- 
tron optical system for viewing the 
resulting interference phenomena. 

The NBS electron interferometer 
greatly extends the range of light 
interferometers used in the direct 
measurement of length. In addi- 
tion, the instrument constitutes an 
extremely sensitive device for 
measuring gradients of magnetic 
and electrostatic fields—analogous 
to refractive indices in optical in- 
terferometry — and provides a 
means for obtaining additional in- 
formation on the wave nature of 
the electron. Other suggested ap- 
plications of the method include 
studies of the energy levels in sol- 
ids and an absolute determina- 
tion of Planck’s constant. 
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Powdered iron will be produced 
at the rate of 50,000 pounds per 
day at a new plant, soon to be 
started in Toledo, Ohio, by the Re- 
public Steel Corp. In entering this 
field, Republic becomes the first 
major steel company to do so on a 
commercial scale. 


A new magnet material com- 
posed essentially of barium and 
iron oxides will be manufactured 
by the Carboloy Dept. of General 
Electric Co., under license from 
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To promote better understanding, 
design and application of mecha- 
nisms in automatic machinery, the 
Editors of Macuine Desicn and the 
Mechanical Engineering Dept. of 
Purdue University have collabo- 
rated in bringing together for this 
program a group of top authorities 
on the most recent developments in 


this important field of design. 


All machine designers and other 
engineering personnel interested in 
the design and development of 
mechanisms are cordially invited. 
Registration fee is $20. To register 
in advance, send in postcard op- 
pusite Page 176. For details of 
overnight room accommodations, 


see Page 188. 


Conference Committee: 


ANNOUNCING 


First Conference On Mechanisms 


cosponsored by Purdue University and Machine Design Magazine 


OCTOBER 12-13, 1953 
Lafayette, Indiana 


PURDUE UNIVERSITY 








PROGRAM 


Session 1—Mechanisms Today 


Mechanisms and Their Classification 
A. S. Hat, Professor, Mechanical Engineering, Purdue 


Session 2--Mechanism Problems with High-Speeds 


Recognition and Treatment of Acceleration 
A. Hotowenxo, Assoc. Professor, Mechanical Engineering, Purdue 


Design and Application of Noncircular Gears 
H. E. Peyvreprune, Vice Pres., Eng., Miehle Printing Press & Mfg. Co. 


Utilizing Irregular Gears for Inertia Control 
W. W. Stoane, Vice Pres., Eng., Goodman Mfg. Co. 


Session 3—Procedures in Mechanism Design 


A Simplified Approach to Linkage Design 


E. W. Pixe, T. R. Sitverserc, P. T. Nickson, 
Equipment Engineering Div., Raytheon Mig. Co. 


Designing Cams with the Aid of Computers 
R. F. Grirrin, Research Engineer, Warner & Swasey Co. 


Session 4—Applications of Mechanisms in Automatic Machinery 


A Systematic Method of Correlating Motions 
J. Lonestreet, Chief Textile Engineer, Warner & Swasey Co. 


Round Table Discussions with Authors 





W. R. Spruter, Vice President of Eng., Harris Seybold Co. 

W. A. Wirnam, Executive Eng., Miehle Printing Press & Mfg. Co. 
M. S. Curtis, Vice President of Eng., Warner & Swasey Co. 

W. A. Patzer, President and Chief Engineer, ABT Mfg. Co. 
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E. S. Autt, Professor of Machine Design, Purdue University 
A. S. Hat, Professor of Mechanical Eng., Purdue University 
B. L. Hume, Associate Editor, Machine Design 

R. W. Botz, Associate Editor, Machine Design 
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Philips Laboratories Inc. Proper- 
ties of the new material approach 
those of alnico and no strategic 
materials are used in its composi- 
tion. 


Synthetic Resin 
Seals Porous Castings 


Aluminum and magnesium cast- 
ings may be sealed oiltight by a 
new vacuum-pressure impregnation 
process. Sealed castings may be 
machined without affecting the seal 
and will withstand both gas and 








liquid pressure at 150 degrees cen- 
tigrade. Resin used withstands 
attack by chemicals, oil and gaso- 
line after curing, and is soluble 
only in hot, strong caustic or alka- 
line solutions. 

Now being used at Pratt and 
Whitney Aircraft Plants to impreg- 
nate jet and piston engine castings 
up to 80 inches in diameter, the 
process consists of three main op- 
erations. Castings are first placed 
in 1500-gallon autoclaves under a 
28 inch vacuum to eliminate air 
pockets. General Electric Co. 3255 






Permafil is then introduced and 
light pressure applied for 20 min- 
utes. A four hour baking, or cure. 
completes the process. 





Set Screw & Mfg. Co. has ac- 
quired the facilities for manufac- 
turing and selling the line of offset 
self-locking set screws, formerly 
marketed by Shakeproof. Now 
known as the “Setko offset self- 
locking set screw,” this screw is 
particularly suited for applications 
requiring slotted screws. Especial- 





Machinery Exports Reach New High 


How important is the export 
market to machinery manufac- 
turers in the capital goods field? 
Which areas of the world repre- 
sent the largest markets and what 
have been the trends since before 
World War II? The accompanying 
tables, adapted from a recent bul- 
letin issued by the Council for 
Technological Advancement of the 
Machinery and Allied Products In- 


Table 1—U. S. Machinery Exports 


(1952) 





Electrical machinery and beat 


paratus ... ee - $687.3 million 
Industria] machinery _ $ieseeet 1,550.0 

Construction, mining and 

rrr TTT 500.0 

Metalworking ..... . 261.5 

Textile, sewing and "shoe. 107.4 

Engines and turbines ...... 155.2 
Office machines and parts.... 89.1 
Printing trades machinery ... 28.3 
Agricultural machinery and 

BCCEONED  o occu cicccccess 140.8 
Tractors, parts and acces- 

sories ... ° 322.5 
Railroad and ‘transit " equip- 

SO Sunds eh kdndsdwecsedee 79.7 
Scientific and professional 

i, vccegeuntenesees 55.8 
rer re - $2,953.5 million 





Table 3—Percentage Exports into Selected Areas 


stitute provide a basis for answer- 
ing these and similar questions. 

Machinery and equipment ex- 
ports in 1952 totalled practically 
$3 billion. How this was distrib- 
uted among the various types of 
machinery is shown in TABLE 1. 
The $3 billion figure represents 20 
per cent of total U. S. exports, 
or almost 25 per cent of nonmili- 
tary exports. TABLE 2 indicates the 
importance of export markets in 
relation to total production of ca- 
pital goods machinery. 

Relative importance of the vari- 
ous parts of the world in terms of 
the export market is illustrated in 
TABLE 3, showing that the Western 
Hemisphere absorbs 60 per cent of 
all machinery exports. On the 
other hand, two-thirds of the metal- 
working machinery exports go to 
Europe. 

How the export pictyre has 
changed since pre-World War II 
days is apparent from TABLE 4. 
The index is adjusted to allow for 





inflation, and therefore is a fair 
indication of physical volume. 
Again, the Western Hemisphere 
shows the biggest jump in export 
business. 

According to the report, exports 
are currently declining from the 
record levels of 1952 but are still 
at a high level by all previous 
standards. Inasmuch as the report 
covers only capital goods equip- 
ment, large and important areas 
of the machinery manufacturing 
field serving consumers, such as 
automobiles and domestic ap»li- 
ances, naturally do not show up in 
the tables. 


Table 2—Percentage of Exports 
To Total Factory Shipments, 





(1951) 
Engines, Turbines and parts ... 14.3 
Construction, mining and pumping. ma- 
GGT ncke secces Scevcedscecccccses 15.§ 
Metalworking machinery ........-++++++ 19.3 
Textile and sewing machinery ......... 22.0 


Printing trades machinery .........++-+- 17.4 
Agricultural machinery and implements. 11. 
Tractors, parts and accessories ........ 2 

Electrical machinery and apparatus . 5 
Railroad and transit equipment ........ 4.2 
Office machines and parts ........-.++. 16.2 
Scientific and professional instruments.. 4.1 





Table 4—Index of 1952 U. S. Machinery Exports 





























(1952) (1938=100) 
Northern otal 
N. Latin Other -— waa = 
America America Europe Asia Areas America America Europe Asia Areas 
Agricultura] machinery, ex- 
cluding tractors ...:.... 53.6 25.5 6.9 32 10.8 Agricultural machinery, aueles- = =, asyg10isiB 
Tractors, parts and acces- ING tPActOTS ...ceeeeeceeeees 
SE: dts ede nbaceniis wis 36.6 26.8 11.7 10.4 14.5 Tractors, parts and accessories 424 441 194 623 328 
All other machinery except All other machinery except elec- 
eggs Phares 24.2 308 23.5 11.5 10.0 ee ee eee 675 531 218 180 329 
Engines and turbines.. 24.3 35.3 12.7 15.9 11.8 Engines and turbines..... 650 492 363 431 496 
Construction and mining 23.3 29.6 14.2 11.1 11.8 Construction and mining... 729 309 382 157 323 
Metalworking ........- 16.1 9.8 66.6 5.7 1.8 Metalworking ......+--++++ 591 592 156 44 148 
Electrical machinery and 
apparatus .............. 27.5 38.0 14.8 13.1 6.6 Electrical machinery and ap- ‘nis " oss 330 
All machinery and equip- PATALUS 2... cccccccereeereeres pond 
MORE ccccccccccccicccces 28.0 31.7 19.3 10.9 10.1 All machinery and equipment.. 608 446 216 225 
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Aer s how 
FLEXON 
EXPANSION JOINTS 
solve a difficult 
motion problem 
in this 
heat treating 
furnace 














FLEXON 














EXPANSION 
JOINT 
ae 
=z 
° ee 
= FURNACE 
= FRAME 
+ ‘ FIRING 
TUBE 
; 3 # FIXED MOUNTING @& 


In the heat treating furnace illustrated above, which is manu- 
factured by Ipsen Industries, Rockford, Ill, the unit is 
brought to temperature by burning gas in vertical tubes 
that extend through the furnace. Thermal expansion of these 
tubes at 1000° F. presented a mounting problem that was 
solved by attaching the free end of the tube to a FLEXON 
Expansion Joint, which in turn is mounted on the furnace 
frame as shown in the drawing. To combat the high tem- 
nerwene and corrosive conditions, the expansion joints are 
abricated from No. 321 stainless steel. 


This is the type of problem that is a specialty of Flexonics 





Corporation. Whenever you have a connection problem, Flexentes Catalog No. 128 gives 
whether it be caused by expansion, flexation or vibration, full information on Flexon Expan- 
let Flexonics know-how solve it for you. sion Joints and other motion con- 


trol problems. See also the Flexonics 
catalog in Sweet's. 


* 
a | EXPANSION JOINT DIVISION 
exonic 1339 $, THIRD AVENUE * MAYWOOD, ILLINOIS 











for over 50 years. 





FORMERLY CHICAGO METAL HOSE CORPORATION 
Fl in Canada: Flexonics Corporation of Canada, itd., Brampton, Ontario 
products a ee Expansion joints Metallic 
°rporation that hollows 
Aircroft components 
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served industry 


Flexible metal hose 
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Engineering News Roundup 














ly valuable in knock-down assem- 
blies, the screws will remain in the 
tapped holes and are not lost in 
shipping. 








Robot Devices 
Monitor Tests at Aero Lab 


A special 35-foot graphic super- 
visory control panel, interlinked 
with five other control panels, will 
function as the nerve center of 
an automatic test monitoring sys- 
tem at the U. S. Navy’s new $30 
million aeronautical turbine labo- 
ratory being built at West Tren- 
ton. N. J. The control panels, de- 
veloped by Minneapolis-Honeywell 
Regulator Co.’s industrial division, 
will provide remote operation of 
two altitude chambers and three 
test cells. 

When completed, the test cells 
will handle the bulk of test and 
experimental work on Navy jet 
and turboprop engines. Altitudes 
to 65,000 feet and speed-of-sound 
air velocities can be created in the 
test cells to simulate actual flight 
conditions. 
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BIG BATHTUBS: Nine tanks, 52 feet long, 12 feet deep and 4 feet 
wide are used in the new chromodize-iridite method of — 
and cleaning aluminum prior to painting at Lockheed Aircraft 
Corp. The new process deposits an iridescent chemical film by 
simple chemical immersion and is said to be much more efficient 
and economical than anodizing. In addition to cutting processing 
time in half, the process is said to provide a better base for paint ad- 
hesion and permit handling of parts using dissimilar metals, where- 
as anodizing can be used only with aluminum in the processing tank 


New Devices at NBS Test 
Effects of High Acceleration 


Standards. The new equipment is long; a wind tunnel, used in re- 


Recently completed shock and 
acceleration simulation devices, in- 
cluding a 91-foot drop tower, air- 
guns, wind tunnel and centrifuges, 
are providing improved facilities 
for the ordnance development ac- 
tivities of the National Bureau of 


used primarily to study effects of 
high accelerations — similar to 
those to which ordnance projectiles 
are subjected in normal use—on 
experimental ordnance components, 
Major equipment housed in the 
Bureau’s Air Gun Building includes 
two air guns, one of them 96 feet 


lated work, with a velocity of 300 
feet per second; and four cen- 
trifuges, one of which can pro- 
duce accelerations of 60,000g on 
one-pound specimens. The drop 
tower, located near the Air Gun 
Building, is used for studying ef- 
fects of shock impacts on experi- 
mental objects. Test objects are 
elevated to heights up to 87 feet, 
8 inches and dropped onto various 
anvils—steel, concrete, wood or 







CAST COLUMN: One of four such columns, this 200-ton steel 

casting is part of an 8000 ton capacity forging press being built 

for the USAF. One of the largest castings ever produced by 

United Engineering and Foundry Co., the column is 52 feet long, 
7 feet wide and 9 feet high 


sand. 





Bristol 


< 46-3 ~* 
‘ e aw cast ren 
ae ys 
JSAF OO! UNITED STATES 


AIR FORCE ® 
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A new company, the 
Bearing Co., has been formed to 
take over the entire operation of 
the Preferred Bearing Co. of Bris- 
tol. Acquired by Walter P. Jacob, 
Chairman of the Board of the Hart- 
ford Electric Steel Co. and busi- 
ness associates, the new company 
will produce a line of unground, 
pressed, radial and thrust ball 
bearings. 
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SEAT GASKET-NEOPEENE 


SEAL SEAT-BRONZE, CERAMIC NieesisT, ST.ST 













SEAL FACE-CARBON 








FRICTION GiING-NEOPRENE 
SPRING-STAINLESS STEEL 





SHOVLDER, COLLAR OR ANY 
SIMILAR MEMBER ROTATING 














WITH THE THAFT 








When pumps are built for day-in, day-out operation on farms 
and in other remote locations, far from service men, they must 
be just about trouble-proof in every detail. That’s why leading 
makers of such equipment have long since standardized on 
| Rotary Seals to assure Shaft Sealing with Certainty at the heart 
. « of their units. The practical Rotary Seal principle, experience- 
| based Rotary Seal engineering, Rotary Seal’s precision manu- 
facturing add up to positive protection for the life of the pump. 


Whether you make pumps or some other equipment where 
difficult use conditions demand certainty in Shaft Sealing, you'll 
: find that Rotary Seals will do the job best. Call in Rotary Seal 
| engineers at the drawing board stage of your new units, if you 
can; their long experience 








mechanical 
seals 


us today! 





rotating 
| ll) shafts 


MACHINE DESIGN—September 1953 


* 
\ ae BE INCREASED BY USING LONGER SPI 























THE 
ROTARY 
SEAL 
PRINCIPLE 


is the original approach to 
a practical solution of a uni- 
versally troublesome prob- 
lem. Our booklet “SEALING 
WITH CERTAINTY” explains 
and illustrates the principle. 
We’re glad to send it to you 
without obligation. 








in many fields can often suggest 
approach from a Shaft Sealing 


the simplest design 


standpoint. Write 












Ultra High Speed Relays 


Millisec plug-in, factory sealed 
relays are now available with eith- 
er gold or platinum-rhodium con- 
tacts. Because of its high speed 








and low current, low voltage con- 
tact operations, gold is used on the 
relays in the range of 0 to 44, amp 
at 0-110 v de. Platinum-rhodium 
is employed in the range of 0 to 
% amp at 10-110 v de. Made by 
Stevens-Arnold Inc., 22 Elkins St., 
South Boston, Mass. 


For more data circle MD-37, page 209 


Vinyl Resin 


Marvinol VR-22 is designed for 
dry blend feed of extruded prod- 
ucts such as wire jacketing, tub- 
ing, welting and hose. It is a 
straight polyvinyl chloride resin of 
high molecular weight, and it fuses 
quickly, producing smooth, uni- 
form extrusions which are free 
from “fish eyes.” The resin can 
be formulated with high amounts 


212 


of plasticizer of varying types. 
Tests show that compounds made 
from the material have excellent 
inherent heat stability and, be- 
cause of the high molecular weight, 
excellent resistance to heat defor- 
mation and compression under 
load. Developed by Naugatuck 
Chemical Div., United States Rub- 
ber Co., Rockefeller Center, New 
York 20, N. Y. 


For more data circle MD-38, page 209 


Small Pressure Regulator 


For use in air or oxygen sys- 
tems, Model 10700 pressure-reduc- 
ing regulator weighs 8 oz and 
measures 1544 by 1 15/16 in. It 
takes inlet pressures up to 2000 
psi, has adjustable output pres- 
sure from 50 to 300 psi, and han- 
dies flows up to 300 liters per 
minute. Output pressure varia- 
tion from zero to full flow is ap- 





proximately 15 per cent. Greater 
flow can be handled if pressure is 
allowed to drop more than 15 per 





cent from zero to full flow. Regu- 
lator is made by Aro Equipment 


Corp., Bryan, O. 
For more data circle MD-39, page 209 


Retaining Spring 


Installation is accomplished by 
pressing the spring into po- 
sition between two plastic studs 
with the fingers. As the spring 
is pressed into position, its toothed 
end legs bend inward; once in 
position, it locks. This spring 
is designed for %-in. stud spac- 
ing; other sizes can be pro- 


j/ 





duced. Available from Shakeproof 
Div., Wlinois Tool Works, 2501 
North Keeler Ave., Chicago 39, Il. 


For more data circle MD-40, page 209 


Locknut 


Spin-down locknut applies a per- 
manent, vibration-proof grip only 
after it actually contacts the work. 
At point of contact with the work, 4 
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quarter turn takes up all play. As 
the nut is drawn tight, six threaded 
tines bite into the bolt in a shrink- 








ing action caused by the concave 
base which flattens as the nut is 
drawn tight. The nut is unaffected 
by water, oil or heat up to 550F 
and is available in No. 8-10 and 4- 
in. sizes in both National Fine and 
National Coarse threads from 
Thompson-Bremer and Co., 520 
North Dearborn St., Chicago 10, Il. 


For more data circle MD-41, page 209 


Waterproof Switch 


Snap-action, single-pole, double- 
throw, three-wire type switch fea- 
tures sine curve design and mini- 
ature size. Switch is made in ac- 
cordance with U. S. Army specifi- 
cation 60-977-2, Class B, covering 


waterproofing and corrosion re- 


sistance. Mechanism will operate 





Without damage in temperatures 
ranging from —65 to 165 F. Elec- 
trical capacity is 20 amp resistive 
at 28 v dc, 10 amp resistive at 110 
Vv ac. Can be used where water, oil, 
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grease, dust, grit, dirt or other 
harmful factors are present, such 
as on packaging and bottling ma- 
chines, vending machines, dredges, 
farm machinery, refrigeration ma- 
chinery, marine equipment, and in- 
dustrial machines. Made by Con- 
trol Products Inc., Sussex St., 


Harrison, N. J. 
For more data circle MD-42, page 209 


Hydraulic Pumps 


LA and LB Series pumps are now 
available with integral electric mo- 
tor drives for low-capacity, low- 
pressure applications. They can be 
used with oils as well as with other 
liquids having a substantial oil 
base. Capacities range from 0.25 
to 4.5 gpm at 100 psi. Maximum 
working pressures may be in- 
creased to 200 psi with power re- 
quirements not to exceed 4% hp. 
Optional internal relief valves make 
possible the variation of relief 
pressures between 50 and 200 psi. 





Made by Oil Hydraulics Div., Web- 
ster Electric Co., 1900 Clark St., 


Racine, Wis. 
For more data circle MD-43, page 209 


Integral-hp Motors 


Squirrel cage and open dripproof 
types feature primary windings of 
high conductivity, heat-resistant 
synthetic enameled wire, dynamic 
balancing of rotor and fan, and 
side-mounted conduit boxes. The 
totally enclosed fan-cooled squirrel 
cage motor features stator and ro- 
tor cores of insulated, high-per- 
meability steel laminations, sec- 
ondary windings of cast aluminum 
alloy or copper or brass bar, stand- 





ard size bearings. Dripproof wound 
rotor and squirrel cage types feature 
stator and rotor cores of insulated 
high-permeability steel lamina- 
tions, standard size bearings, and 
uniform temperature distribution. 
British made, the motors are avail- 
able in sizes to 230 hp from New- 
man Industries (America) Inc., 43 


Broad St., New York 4, N. Y. 
For more data circle MD-44, page 209 


Meter-Relay 


Model 265 nonindicating plug-in 
meter-relay has a balanced move- 
ment, self locking contacts and 


sensitivity as great as 0.2 ma. 
Sealed in a round metal can, the 
relay can be furnished with either 
an octal plug connector or other 
type of sealed header. The jeweled 
is shock mounted to 
jars and 


movement 


withstand vibration. 





Sensitivity ranges from 0.2 ma to 
50 amp, or 0.05 mv to 500 v. Cop- 
per oxide or crystal diode rectifiers 
are used for ac operation. Contacts 
lock in by a holding coil in the re- 
lay. Accuracy is factory adjusted 
to within 3 per cent of the specified 
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New Parts and Materials 








voltage or current; adjustment of 
circuit resistance can bring ac- 
curacy to within 1 per cent. Range 
of response time is from 1 milli- 
second to 10 seconds. Time delay 
can be calibrated in seconds or milli- 
seconds. Made by Assembly Prod 
ucts Inc., Main at Bell St., Chagrin 
Falls 97, O. 


For more data circle MD-45, page 209 


Speed Reducer 


Converts motor speed into low- 
speed, high-torque output in one 
step. Rotation of endbell allows 
connection of output shaft to the 
load either above, below, right or 
left of the drive motor. Unit fea- 


tures oil bath lubrication of all 
gears, quiet running helical gears 
load 


and transmission of lateral 





stresses directly to the motor’s 
mounting base. Available in rat- 
ings from % to 5 hp and in out- 
put speeds from 190 to 520 rpm 
from Reuland Electric Co., Alham- 


bra, Calif. 
For more data circle MD-46, page 209 


Hydraulic Servovalve 


This miniature single-stage un- 
compensated servovalve is used in 
hydraulic servosystems requiring 
fast response and small size. Of 
balanced symmetrical twin-piston 
design, it operates smoothly under 
adverse vibration and lateral ac- 
celeration conditions. The valve 
has no external leakage—a small 
drain line returns leakage oil to the 
pump. The body and pistons are 
hardened, precision-lapped alloy 
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steel; working pressure is 200 to 
3000 psi; power to load, approxi- 
mately 5 hp (max); steady state 





leakage, 0.1 to 0.2 gpm. Made by 
Midwestern Geophysical Labora- 
tory, 3401 South Harvard, Tulsa, 
Okla. 


For more data circle MD-47, page 209 


Relays 


MW series relays are designed 
for application in washing ma- 
chines, dishwashers, dryers and 
similar appliances requiring re- 
lays for timing circuits. Type 
MW14A-115-60 is voltage actuated; 
nominal coil voltage is 115 v, 60 
cycles; maximum operating coil 
voltage, 140; pull in, 90 v or less; 
contacts, 3/16-in. fine silver rated 
at 5 amp, 115 v ac noninductive 
load; contact arrangement, single- 





pole, single-throw, normally open; 
contact pressure, 30 grams; in- 
sulation test, 500 v rms. Current 
actuated type MW1A-4 AMP re- 
quires nominal coil current of 5 








amp, maximum coil current of 6 
amp; pull in is 4 amp or less. In- 
sulation test, contact material, ar- 
rangement and pressure are the 
same as for MW1A-115-60. Pro- 
duced by Potter & Brumfield, 1200 


East Broadway, Princeton, Ind. 
For more data circle MD-48, page 209 


Anchor Nut 


Featuring increased strength and 
narrow AN envelope dimensions 
on width, this self-locking, light- 
weight one lug anchor nut is made 
of cadmium plated SAE 1050 heat 
treated steel. It meets applicable 
requirements of specifications AN- 
N-5, AN-N-10. Available in both 





14-28 and 5/16-24 thread sizes from 
Nutt-Shei Co. Inc., 811 Airway, 
Glendale 1, Calif. 


For more data circle MD-49, page 209 


Plastic Pipe, Tubing 


Pipe, tubing and fittings are 
made of Alpha Forty, a special 
compound of vinyl chloride polymer 
of high molecular weight. The ma- 
terial retains the unmodified prop- 
erties of straight p.v.c., and is an 
extremely hard, tough and rigid 
product with outstanding chemical 
resistance. Pipe is resistant to most 
inorganic chemicals and organic 
materials and at ordinary temper- 
atures is unaffected by alkalies, 
acids, salts, oxidizing agents, oils, 
greases, alcohols, gasolines and car- 
bon tetrachloride. Ultimate tensile 
strength is of the order of 7000 
psi.; compressive strength is 12,000 
psi.; flexural strength is 13,000 psi. 
Impact strength is 0.75 Ib-ft per in. 
of notch; deformation under load 
is 0.8 per cent in 24 hours. Water 
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‘Lincher 
OCKNUT> 













SPECIFIED 


a for High temperature 
P fastening up fo... 


'| 1600 
J- 
‘h | (F) 


... particularly where 
high frequency vibration, - 
tensile strength and 
re-usability are factors! 


Klincher Locknuts are specially designed to 
give reliable performance in critical applica- 
tions at temperatures up to 1600° F. The 
Klincher principle of load distribution reduces 















n 
. the high stress concentration and torsional 

load usually found in the first two or three 

threads. Even under severest vibration, nut 

remains positively locked and there's no 

danger of galling, seizure or stud wear... 

and nut remains fully re-usable. 
e 
l HERE ARE MORE KLINCHER FEATURES 
r 
i- & Ideal for hand and. power 2 Easy to inspect for positive assurance of 
)- wrenches. tight connection. 
. Manufactured in stainless and Free running feature reduces assembly 
d other materials, in machine time. 
i] screw sizes No. 4 and up, and , 
t eff Grectionsd cites. 2 Only one piece to stock end handle. 
c 
q Klincher’s unique construction ‘makes it possible in 
d some cases to use a smaller hex size... an aid to 
7 - fitting in tight places where minimum clearances are 
» Vl we present. Write for data and experimental samples, 
a giving size and application. Address Dept. MD-9. 
e KNUT CORPORay 
0 Fe 
0 INDIANAPOLIS, INDIANA 
i. 
. ws 
P IN 
vs 
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absorption is 0.2 per cent in 24 
hours at 25C. Pipe is stocked in 
10 and 20-ft lengths in both stand- 
ard and extra heavy weights, from 
4 to 4-in. nominal pipe size. 


Threaded or sleeve-type fittings are 





available in sizes from % to 2-in.; 
larger sizes are fabricated to order. 
Styles include standard tees, 45 and 
90-degree elbows, nipples, plugs, 
couplings, and blind or companion 
flanges. Made by Alpha Plastics 
Inc., 14 Northfield Road, West 
Orange, N. J. 


For more data circle MD-50, page 209 


High-Speed Commutator 


Designed for use in radio and 
wire telemetering, multichannel 
switching and automatic rapid rate 





sampling; this high-speed switching 
commutator is readily adaptable to 
provide a variety of circuit patterns 
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and a number of channels. Dust- 
proof construction and noise-free 
operation are claimed throughout 
an operating life of at least 100 
hours at 5 rps. With precious metal 
contacts and brushes and an ex- 
ternal adjustment for phase rela- 
tionship between poles, the com- 
mutator gives clean electrical make 
and break. It is available with one 
or two poles with a maximum of 45 
terminals on one pole and 15 ter- 
minals on the second pole. Two 
contacts can be had per terminal. 
The unit will meet performance 
specifications under 50 g steady 
state acceleration and will operate 
under 10 g vibration up to 1000 
cycles per second. Total weight is 
3% oz. Made by G. M. Giannini & 
Co. Inc., 117 East Colorado St., 
Pasadena 1, Calif. 


For more data circle MD-51, page 209 


Wire Braided Hose 


Ironsides butane-propane hose 
combines layers of horizontally 
braided steel wire and rayon cord 
reinforcement and a nonporous and 
oil-resistant rubber tube. Minimum 
burst pressure is 1750 psi, with 
actual burst pressure exceeding 
2300 psi. Each length has two 
separate static wires, interlaced 
with the reinforcing braids, to in- 
sure full static conductivity. Made 
on a mandrel which insures uni- 
form inside diameters for quick, 
positive coupling, the hose is avail- 
able in sizes from % to 2 in. from 
Quaker Rubber Corp., Div. of H. 
K. Porter Co. Inc., 1932 Oliver 
Bldg., Pittsburgh 22, Pa. 


For more data circle MD-52, page 209 


Snap Switches 


Hermetic sealing with inert gas 
under pressure makes possible ex- 
posure to changes in pressure and 
temperature, high rates of accelera- 
tion, shock and vibration, and ex- 
posure to moisture, dust, fungus 
and a number of other corrosive 
elements. The hermetic enclosure 
will withstand 100 psi internal pres- 
sure. The switch has a rapid con- 


tact traverse rate with negligible 





contact bounce. It may be cycled 
to 750 operations per minute. Force 
required to operate the switch is 
small. Rated for at least 100,000 
operating cycles at 10 amp, 115 v, 
60 to 400 cycles ac noninductive 





load, switch life exceeding 50,000 
operations may be expected at 15 
amp. Temperature rise will not ex- 
ceed 65 C under occasional or stand- 
by operation at 20 amp. Available 
in several forms for various ap- 
plications, the switch measures 
1 11/32 by 41/64 by 13/16-in. over- 
all with 0.312 by 0.20-in. mounting 
centers and weighs 0.60 oz. Made 
by Haydon Switch Co., 232 North 
Elm St., Waterbury 20, Conn. 


For more data circle MD-53, page 209 


Gland Packings 


Completely inert to hydraulic 
fluids, oils, petroleum products, 
acids, bases and solvents, series S- 





2500 Vee-Seal flexible Teflon paci- 
ings are suitable for service 10 
valve stems and hydraulic cylin- 


MACHINE DESIGN—September 1953 


















is 
100 


ive 





in 
in- 








_.fo eliminate hit-or-miss 
machine lubrication 






ALEMITE Accumeter 


CENTRALIZED LUBRICATION 


extends the protection of automatic lubrication 
to virtually any machine : 





Centralized lubrication with Ale- 
mite Type I Accumeter can make 
your machines produce more, last 
longer, and cost less to run—impres- 
sive savings at low cost! This simple, 
single-line system is completely ver- 
satile—easy to design, easy to build 
into any machine because valves fit 
directly on bearings, replacing 
grease fittings, oil cups or reservoirs. 


In seconds, in a fraction of the time 
required for hand lubrication, Ale- 
mite Accumeter Lubrication System 
delivers the exact, measured amount 


FACTORY-TESTED . . . FIELD-PROVED 


Proved in the field. Exhaustive tests showed no variation 
in the amount of lubricant discharged . . . even after 
73,312 lubrication cycles, equal to 122 years of 


twice-a-day service. 





REG, U. S. PAT. OFF. 
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ALEMITE 


cant Adjustable 


13” 


Adjustable 


Or fixe ”. of lubri. 


Serve d 
ves UP to 400 hon Output System 
°r auto TINGS. Eithe 
mat er 
are °Peration Qvailab/ manual 
tlable 


of clean oil or grease from one cen- 
tral point to all bearings of a ma- 
chine. The machine keeps operating 
—no production time lost—no bear- 
ings are missed. No wonder 95% of 
big plants buying machine tools spe- 
cify centralized lubrication! 


Type 1 Accumeter Systems serve 
single machines or groups of ma- 
chines with semi-automatic or fully 
automatic lubrication. It is just one 
of three types of Accumeter Systems 
made by Alemite to meet your exact- 
ing requirements. 


A PRODUCT OF 


STE 
war 


WAR 
DER 








ALL THESE ADVANTAGES! 


®@ Eliminates shutdown time for lubrication. 
Adds productive time to machine output. 


® Seals completely against dirt, 
grit, water all the way from 
“Barrel-to-Bearing.” 


® Prevents bearing troubles due to neglect 
or use of wrong lubricant. 


® Services all bearings—including 
those inaccessible or dangerous— 
in one operation. 


® Avoids work spoilage and bearing 
repairs due to over-lubrication. 
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ders, jacks, lifts and pumps. Due 
to V-type construction, packings 
are self-sealing and self-adjusting 
at finger tip gland pressures. Up- 
on application of hydraulic pres- 
sure, seal expands against stuffing 
box and against stem. Useful tem- 
perature range of the seals is from 
-110 to 500 F. Units are avail- 
able in sets to meet specific re- 
quirements and stack heights. 
Made by W. S. Shamban & Co., 
11617 W. Jefferson Blvd., Culver 
City, Calif. 


For more data circle MD-54, page 209 


Predetermining Counters 


Featuring a lever reset, these 
counters are set instantly by grip 
wheels located under a_ hinged 


renews 


cover. They are available for 
stroke, revolution and electrical 
counting, operating to 6000 counts 
per minute in revolution types, 
adding in both directions or adding 
and subtracting. Release is ef- 
fected in one or two stages by 
mechanical lever or dipole switch. 
Made by the Irion & Vosseler Co., 
of Germany, the counters are avail- 
able from Presin Co., 5225 Wilshire 
Blivd., Los Angeles 36, Calif. 


For more data circle MD-55. page 209 


Steam Hose 


This burst-proof hose is con- 


structed of a natural rubber inner 
tube reinforced with either one or 
two plies of high tensile steel wire 
braid, depending on the hose size. 
Asbestos braid covers the wire 
braid, and the outer cover is oil- 
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resistant butyl rubber. 
features a Little Gem fitting in 
which the reinforcing braid of the 





hose alone is clamped between the 
socket and nipple, while a fluid- 
tight seal is accomplished by sepa- 
rating the end of the inner tube 
from the braid and using it as a lip 
seal in an annular chamber. Posi- 
tive attachment to the hose is pro- 
vided without the need for periodic 
adjustments. The hose lines are cur- 
rently being produced in %, %, 
and 1-in. sizes, and the range will 
be expanded. Made by Aeroquip 
Corp., Jackson, Mich. 


For more data circle MD-56. pace 209 


Miniature Speed Changers 


Redesigned Series 3 variable 
speed changers are now available 
with three different types of 
geared controls. The output shaft 
speed can be infinitely varied from 











one-fifth to five times the input 
shaft speed by rotating the speed 
control shaft with either spur, 


The hose’ 





miter or worm geared remote con- 
trols. Small and lightweight, the 
units are used for remotely con- 
trolled applications in recorders, 
flow controls, regulators and scan- 
ning mechanisms. The spur geared 
control may be used where the 
control shaft and the remote con- 
trol shaft are parallel. A choice 
of mating spur gears offers a se- 
lection of control speeds. Made 
by Metron Instrument Co., 432 


Lincoln St., Denver 3, Colo. 
For more data circle MD-57, page 209 


Roller Bearing 


This self-aligning, torque tube, 
double-row roller bearing is fac- 
tory-lubricated and equipped with 





positive seals which retain lubri- 
cant and prevent air loss in pres- 


surized aircraft. A high-capacity 
lightweight bearing with minimum 
cross-section dimensions, it is des- 
ignated the DP Series by Shafer 
Bearing Corp., 801 Burlington 


Ave., Downers Grove, IIl. 
For more data circle MD-58, page 20% 


Surface Bonded Lubricants 


Three compounds, designated 
Surf-Kote H-108, H-110 and H-205 
are colloidal dispersions of a modi- 
fied molybdenum disulfide in vari- 
ous types of resinous binders. They 
may be applied, by spraying or dip- 
ping with usual paint and ename! 
equipment, to surfaces such as fer- 
rous alloys, stainless steels, alumi- 
num, brass and bronze, magnesium 
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proof to assemble 
oroof in operation 


LINEAR 
VEE-DAM RINGS 


The unique design of LINEAR VEE-DAM Rings makes 
possible, for the first time, a split ‘“‘V’’ ring packing 
that is really leakproof . . . ideal for hydraulic presses, 
pumps and pneumatic equipment. 

A look at the close-up view of a VEE-DAM Ring will 
tell you why they seal so effectively. Those sturdy rubber 
dams, faced in opposite directions, are moulded into 
the groove hinge area of the ring, completely eliminating 

leakage between rings. 
VEE-DAM Rings are easier to install because they don’t 
demand the precise fitting that ordinary rings should 

have. And they last longer, too, because they seal 
perfectly tight with a minimum gland load. 





“i 
Bee- 






with LINEAR VEE-DAM Rings, 
the most effective modern hydraulic 









packing ever developed! 






















Internal dams 





, \ External abutments / 
\\ Gross sectional view 
Rte de 


Made of a choice of fabric reinforced synthetic rubbers, 
LINEAR VEE-DAM Rings are individually engineered for 
your application. Write or call LINEAR for complete 
information. 





“PERFECTLY ENGINEERED PACKINGS” 


Linear 


LINEAR, Inc., STATE ROAD & LEVICK ST., PHILA. 35, PA 
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titanium, cadmium and zinc. They 
provide chemical resistance to oils, 
greases, solvents, acids and alkalis, 
depending on the compound used. 
Optimum operating temperatures 
range from 100 to 950 F. Devel- 
oped by Hohman Plating & Mfg. 


Inc., Dayton, O. 
For more data circle MD-59, page 200 


Time Delay Switch 


Operated by a lever, the Aga- 
switch has an adjustable delay 
from 0.1 second to more than 5 
minutes. This delay is obtained 
by restricting air flow through an 
adjustable orifice in the timing 
head. The timing chamber is en- 
closed and dustproof, the air used 





for timing being recirculated in- 
side it. Unit is available in both 
single-pole double-break and 
double-pole single-break types for 
resistance loads of approximately 
15 amp at 115 v and 60 cycles. It 
measures 21% in. square and 3-in. 
high. Made by AGA Div., Elastic 
Stop Nut Corp. of America, 1027 
Newark Ave., Elizabeth 3, N. J. 


For more data circle MD-60, page 209 


Relief Valve 


When it is not practical to place 
a standard relief valve in normally 
accessible location or near other 
machine controls, this remotely 


operated pilot type can be used. 
Unit has internal pilot valve which 
is set at maximum rating of pump 
or machine, plus provision for con- 
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New Parts and Materials 


necting one or more external pilot 
valves. Relief pressure is constant 
and little affected by flow, temper- 
ature or oil viscosity. No warm-up 


Vent Port -Connect to 


























Remote Controling Valve Pilot Valve 
Main Valve 
\ _ “i ‘ J 
ANY YAS w* 
A WAN 4 S/ 
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\/.° / SEER, | 
A “f JS ss ‘a FP e 
h 2 
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ws ; / 7 7 = 
Li ‘s 
Pressure Port J Reservoir 
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Pressure Port Adjustment 


time is required, and cracking pres- 
sure is 90 per cent or more of 
maximum relief pressure. Made by 
Fluid Controls Inc., 1284 North 
Center St., Mentor, O. 


For more data circle MD-61, page 209 


Magnetic Tension Brakes 


By providing constant tension, 
two new magnetic tension brakes 
of the hysteresis type reduce ab- 
rasion and excess flexing of yarns, 
rubber, glass fiber and wire in 
winding processes. Torque ranges 
of 0.4 to 4.0 and 2.0 to 14.0 oz-in. 
supplement original line which has 
torque range of 0.1 to 0.5-oz-in. 





Brakes are about 2 and 3 in. diam- 
eter, weigh about 3% and 2% Ib, 
respectively, and have a_ speed 
range of 0 to 1500 rpm. Turning 








the calibrated aluminum magnet 
housing decreases or increases the 
brake torque. Brake holds stalled 
tension by a tendency to reverse 
direction of rotation for a few de- 
grees after decelerating to a stand- 
still. Units retain required torque 
unaffected by lint, moisture and 
heat. Made by General Electric 
Co., Schenectady 5, N. Y. 


For more data circle MD-62, page 200 


Overload Protector 


Consisting of an _ eccentrically 
located sprocket counterbalanced 
by a weighted arm, this chain over- 
load protector can be adjusted to 
operate at any chain tension up to 
1000 Ib. Manual resetting is re- 
quired after the device has been 





tripped before drive can become 
operative again. With an eccen- 
tric sprocket shaft of 0.875-in. 
diameter, unit can be adapted to 
chain sizes from 1% to 114 in. Basic 
uvplications are single and double 
sprocket vertical, double sprocket 
rotary and single sprocket hori- 
zontal chain drives. Made by Lam- 


son Corp., Syracuse 1, N. Y. 
For more data circle MD-63, page 209 


Subminiature Blower 


Capable of delivering 3 cfm, the 
Minicube subminiature blower is a 
1-in. cube weighing 1 oz, including 
motor and blower housing. Use is 
for circulation of air and cooling of 
electronic parts and equipment. It 
can be installed in hermetically 
sealed equipment for heat trans- 
fer to or from the case. Standard 
models operate in range from 
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— "8 Your VALYE weeds? 


Do you have a space limitation to deal with before you select 
a valve? Is delivery of the automatic valves you’re now 












using slowing down production? 


If you have a pressure control valve need, here’s how to fill it. 
The answer lies in a CASH-ACME valve... Or with 
CASH-ACME’s staff of engineers who will develop 

just the valve to do the job you have in mind. 


Mail the coupon below with a brief outline 
of your installation requirements. A free 
booklet or catalog on request. 


cash-acme 
has the 
ANSWER! 


ATTACH TO YOUR LETTERHEAD 


A. W. Cash Valve Mfg. Corp. 
6613 E. Wabash Avenue 
Decatur, Illinois 


ZASH [_] Please send me your free booklet. 
[ 7 cy l NAME 
SILENT SENTINEL | 
f | FIRM 


utomatic halves 
ADDRESS. 


CITY STATE 


To save time may we suggest a brief outline of your require- 
ments be mailed with this coupon. 





























A. W. CASH VALVE MFG. CORP. 
6613 E. WABASH AVENUE ¢ DECATUR, ILLINOIS 






Peo oe ew =e 
fee ee cee GD GE eS aes ees eee 


MACHINE DESIGN—September 1953 








New Parts and Materials 








—55 to 85 C, with life of 1000 
hr. Other models have wider tem- 
perature ranges. Motor turns at 
speed of 24,000 rpm and is sup- 





plied for operation on 6.3 v, 3-w 
or 26 v, 4-w, 400-cycle operation. 
Made by Sanders Associates Inc., 
Nashua, N. H. 


For more data circle MD-64, page 209 


Wire Braid Air Hose 


Flexible, heavy-duty Commander 
hose can be used with working 
pressures up to 400 psi. Hose cover 
will withstand severe abrasion. Oil- 
resistant hose tube permits oiling 
of tools through the hose. Manu- 
factured in 42, % and 1-in. sizes by 
the B. F. Goodrich Co., Akron, O. 


For more data circle MD-65. page 209 


Solenoid Air Valve 


Design of improved solenoid op- 
erated air valve incorporates an 
aluminum alloy, surface hardened 
spool on which the sealing mate- 





rial is integrally molded and bond- 
ed. Seals enter the bearingized 
bores of body and retainers to ef- 
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fect a “sealed with air pressure” 
seal. Featherlight contact of seal 
contributes to long life. Mechani- 
cal and electrical construction is 
simple and accessible. Valves have 
full pipe orifice area with maxi- 
mum straight-through flow. Made 
by Mechanical Air Controls, Inc., 
15311 West Eleven Mile Rd., De- 
troit 37, Mich. 


For more data circle MD-66, page 209 


Speed Reducer 


Shaft-King 13-to-1 ratio shaft- 
mounted speed reduction units, 
which retain features of the orig- 
inal 20-to-1 series, are adaptable 
to any shaft size up to 3 15/16 in. 
V-belt drive type units are com- 
pact, requiring only standard shaft 
lengths (twice the shaft diameter 
plus clearance) to be mounted di- 
rectly on the shaft of the driven 
machine. Gearing and bearings 
are splash lubricated. Both input 
and output shaft are above the oil 


r~ 





level, eliminating the necessity for 
bearing seals to operate against a 
head of oil. For protection against 
sudden overloads, reducers can be 
equipped with American torque- 
arm overload release. Made by 
American Pulley Co., 4200 Wissa- 
hickon Ave., Philadelphia 29, Pa. 


For more data circle MD-67, page 209 


Heavy-Duty Relays 


Redesign of PR line of heavy- 
duty power relays assures com- 
plete insulation for severe serv- 
ice. Mounting dimensions of plas- 
tic base relays are same as metal 
base units. Model 11 relay, illus- 





trated, as well as models 4 and 8 
have insulating barrier molded to 
base between the stationary con- 





tacts. Ratings and coil voltage 
are unchanged from previous met- 
al base units. Made by Potter & 
Brumfield, 1200 East Broadway, 


Princeton, Ind. 
For more data circle MD-68, page 209 


Two-Stage Torque Converter 


Meeting requirements of engine 
applications needing converter 
drive with specific performance 
characteristics, this hydraulic con- 
verter develops up to 4:1 torque 
multiplication at stall and produces 
progressively increasing engine 
speed during acceleration and uni- 
form pull-down under load. Free- 
wheel reaction, or stator, blades 
provide complete unloading of the 
engine at high-speed, no-load con- 
ditions—with low horsepower ab- 
sorption for economy, and with 
minimum cooling requirements. 





Model S offers a standard spider 
drive input and is equipped with 
a built-in converter charging pump 
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around the input shaft. Inlet and 
outlet connections are provided for 
piping the converter fluid to and 
from a cooler, which can be either 
an oil-to-water heat exchanger or 
an oil-to-air radiator. Either 
straight extension or flanged out- 
put shafts are available. The con- 
verter is also offered in a discon- 
necting type, Model SD, which is 
small and features quick-release 
dump valves on the rotating tur- 
bine wheel, and a two-position con- 
trol valve located on top of the 
stationary converter housing. 
Manufactured by Twin Disc Clutch 
Co., Hydraulic Div., Rockford, IIl. 


For more data circle MD-69, page 209 


Miniature Motors 


Approximately half the size and 
weight of conventional two-pole 
motors of equal power rating, 
these motors are offered in 1/30 








to ¥-hp sizes. Shafts are cen- 
tered rather than offset, and the 
motors can be used in geared-down 
and pulleyed-down applications. 
The 1/10-hp motor mesures ap- 
proximately 2144 by 4%4 by 2% in. 
and weighs about 4 Ib. Manu- 
factured by Burgess Vibrocrafters 
Inc., 180 North Wabash Ave., Chi- 
cago 1, Ill. 


For more data circle MD-70, page 209 


Industrial Safety Switch 


Noark 200-amp switch features 
Space-saving front operation and 
an oversize handle that shows from 
a distance whether the switch is 
on or off. Switch is one of a line 
Which also includes 30, 60 and 100- 
amp models for use in 250 and 
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600-v lines. Fuse holder has a 
pressure spring located under the 
fuse where it is unaffected by fuse 
heat. Only two joints are used on 
each pole, providing cool operation. 
Insulated cross bar fitted under- 
neath the switch insures opening 
when the handle is thrown to the 


So ry 





off position. Made by Federal Elec- 
tric Products Co., 50 Paris St., 
Newark, N. J. 


For more data circle MD-71, page 209 


Single-Phase Motor 


Operating efficiently at near- 
unity power factor, type CAP-2 
single-phase motor is made in 5, 
7% and 10-hp ratings. Design re- 
tains high starting torque, and 
at the same time reduces starting 
current by about 25 per cent. 





Auxiliary winding remains in the 
circuit during operation and is in 
series with the running capacitors. 


New Parts and Materials 


Relays merely remove the starting 
capacitors when motor approaches 
full speed. Elimination of the 
wound rotor, brushes and commu- 
tator of the previous repulsion-in- 
duction type makes for a simpler 
unit with less maintenance. Spark- 
ing is also eliminated. Made by 
Westinghouse Electric Corp., P.O. 
Box 2099, Pittsburgh 30, Pa. 


For more data circle MD-72, page 209 


Bleeder Valve 


Semiautomatic in operation, this 
bleeder valve is adaptable to both 
hydraulic and pneumatic lines of 
any size or pressure. It is spring- 
loaded, using a channeled knife- 
edged cap that uncovers the bleed 


Bere | 





port with a twist of the external 
head. Outlet port is threaded for 
installation of a hose or tube. In- 
ternal O-ring prevents leakage 
around the connecting shaft. Made 
by Greer Hydraulics, Inc., 454 
Eighteenth St., Brooklyn 15, N. Y. 


For more data circle MD-73, page 209 


Air Pump 


Dri-Air pump eliminates oil va- 
por and is used for operations re- 
quiring clean, dry air, in a rapid 
copious blast, or a vacuum, Pre- 
cision-built, the pump has a bal- 
anced rotor which is fitted to close 


tolerances and requires no gas- 
(Continued on Page 228) 
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CAPACITOR-START MOTORS 
tor general purpose applications with high starting forque 
















Wagner capacitor-start induction motors are a sound choice for 
applications where starting loads are fairly heavy, but which can be 
brought up to operating speed quickly. They have become increas- 
ingly popular for installation on equipment such as air conditioners, 
refrigerators, freezers, water pumps, motor-driven tools, and on 


similar fractional or integral horsepower applications. 


These motors offer low maintenance cost—only a minimum of 





servicing is required—and they give many years of reliable service 
m58-12 with unusual freedom from vibration and noise. 
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These motors are available in frames 225 and smaller, in open or 
totally-enclosed types—sleeve or ball bearing, with rigid or resilient 
bases or machined endplates for flange mounting. Frames are formed 
of heavy rolled steel. The rotor squirrel-cage is of aluminum, cast 







under pressure. Type RK capacitor-start induction motors feature 
steel-backed babbitt lined bearings, roomy oil wells packed with 
long strand wool yarn, and dependable quick make-and-break 
switches which have proved their ability in service. 
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When you standardize on Wagner Motors—you get the advantages 
of a liberal warranty . . . of nationwide service facilities, with on-the- 
spot service, replacement motors and parts available from 25 Wagner- 
owned Service Branches and more than 750 Authorized Service 
Stations. You can choose from a wide variety of types and sizes— 
single-phase or polyphase—( from 1/125 to 400 hp). Bulletin MU-185 
gives complete information—write for your copy. 






WAGNER ELECTRIC CORPORATION 
6404 Plymouth Avenue « St. Louis 14, Mo., U.S. A. 









ELECTRIC MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES 
AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 





BRANCHES IN 32 PRINCIPAL CITIES 
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New Parts and Materials 


(Continued from Page 225) 
kets. The rotor is mounted on two 
double-sealed, grease-packed ball 
bearings. The special-alloy vanes 
are hard, light, nonsticking, non- 
warping and chemically inert. They 





require no lubrication. Made by 
Conde Milking Machine Co. Inc., 
Sherrill, N. Y. 


For more data circle MD-74, page 209 


Snap-Action Switch 


Designed for one-way actuation 
by a cam, dog or slide, the switch 
has a spring-loaded, hinged roller 
arm actuator. Available with either 
3/16 or 3/8-in. diameter roll. Both 





models have either solder lug ter- 
minals or screw terminals. Ratings 
are 15 amp at 125, 250 or 460 v ac; 
Y% amp at 125 v de; 44 amp at 250 
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Rewind Starter 





Vv de. 


Made by Micro Div., Min- 
neapolis-Honeywell Regulator Co., 
Freeport, III. 


For more data circle MD-75, page 209 


Oil-Resistant Belting 


Supertex HC incorporates a Hy- 
car acrylonitrile synthetic rubber 
cover on a carcass of Neoprene 
WRT belting, which is highly re- 
sistant to vegetable oils. The new 
conveyor belt is white, has a 
smooth cover and is available in 
widths up to 48 in. It can be vul- 
canized endless. Made by Baldwin 
Belting Inc., 483 Washington St., 
New York 13, N. Y. 


For more data circle MD-76, page 209 


Rotary Shaft Seal 


Designed to pressure seal, water- 
proof and moisture seal panel 
mounted shafts in such equipment 
as hand-operated electrical circuit 
and tuning mechanisms, series 1100 
rotary shaft seals do not require 
lubrication. Design combines the 
flexibility and sealing quality of 





rubber, low friction resistance of 
metal against bearing material and 
corrosion resistance. Shafts are in 
one piece to eliminate backlash. 
Three standard sizes are available. 
Made by H. H. Buggie Inc., 726 
Stanton St., Toledo 4, O. 


For more data circle MD-77, page 209 


For use on lawn mowers, chain 
saws and similar gasoline engine- 
equipped products, Bulldog starter 
applies friction on the inside of 
conventional starter cup. Start- 
er is cam-actuated, and engages 








after 14-in. pull on the starter 
rope. Assembly does not require 





close-tolerance assembly and is un- 
affected by flooding with water, 


oil, or gasoline. It is available for 
incorporation in original equipment 
with or without housing and vari- 
ous grass and chip guards. Made 
by Armstrong Products Co., 6450 
North Teutonia Ave., Milwaukee, 
Wis. 


For more data circle MD-78, page 209 


Sheet Metal Fasteners 


Metal or hard surface parts con- 
taining drilled or punched holes 
can be temporarily held together in 
alignment and under pressure by 
Wedgelock quick-acting sheet metal 
fasteners. Combined materials up 
to 4 iu. thick can be held in place 
during drilling, riveting, fabrica- 
tion and assembly. Application is 






























Both spring-actu- 
ated and hand-operated wing nut 
types are made in a variety of sizes 


from one side. 
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“LEADING AIR CYLINDER 
PRODUCERS, TOO, 
USE OR RECOMMEND 


Mg 


micro-fog 






to assure 
best lubrication 


S PRODUCTION INCREASED 1000% 


= A Norgren Air Pressure Regulator, Filter and Micra- 
Fog Lubricotor safeguard the high speed, automatic 
operation of this compact unit made with 4 Bellows 
Air Motors and a Bellows Rotary Feed Table. It 
handles 4 stages in the assembly of valve parts 
with a production gain of 1000% over the previous 
methods used. 












For better operation and long wearing life, air cylinders require 
a dependable, automatic supply of oil distributed uniformly as & fine 
film over the entire inner wall. That's why leading producers of air 
cylinders, such as Bellows and many others, use or recommend 
Norgren Micro-Fog. It produces an extremely fine and uniform air- 
borne oil fog, distributes it evenly, provides exact control and is 
automatic. 


FLEXIBILITY IN DESIGN 


Norgren Micro-Fog lubrication systems have enabled hundreds 
of other manufacturers to obtain greater flexibility in product design 
and plant layout; improve equipment performance; and reduce main- 
tenance costs. 

If you are manufacturing or using air operated equipment or have 
a lubrication problem with high speed spindles, bearings or gear boxes 
be sure the right’ people in your plant have complete data on 


Norgren Micro-Fog. 
WRITE TODAY 


PIONEER AND LEADER IN OIL-FOG LUBRICATION 


: 2 res. FOR 25 YEARS 


3442 So. Elati St., Englewood, Colo 





Valves * Regulators ® Filters * Lubricators * Hose Assemblies Specialized Lubrication Engineers in Principal Cities 
See the yellow section of your telephone directory. 


MACHINE DESIGN—September 1953 229 








The Swing is to 


Durakool 
Factory Set 


Timer Relays 











Practically non-breakable, 
Factory Set Timer 
Relays have 


Durakool 


more than proved 
themselves on the roughest and 
toughest jobs that could be 
found. Year by year, their use 
intreases in sensational fashion. 
Controlled t e available from 
5 to 20.0 seco 
normally open or norr ally 

ed sctions. No waiting. 
Your producti 


nds in either 


on schedule Ss 


No false contacts 


No chatter 


+ + + 


Quiet in operation 


Low in cost 


a 


See telephone directory for local 
distributor or write 
DURAKOOL, INC., Elkhart, Ind. 
50 St. Clair Ave., W. Toronto 


Durakool 


ALL-STEEL MERCURY 


Vtmeret- 
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New Parts and Materials 








and capacities for reuse. Made by 
Wedgelock Co., 5446 Satsuma Ave., 


North Hollywood, Calif. 
For more data circle MD-79, page 209 


Back-Up Rings 


Spirally machined from Teflon 
and designed to prevent extrusion 
of O-ring seals, these back-up rings 


4 





have high impact strength at tem- 
peratures from —100 to 500 F. 
They are also noncorrosive, non- 
fraying and are self-lubricating and 
inert to most chemicals. They are 
made for all O-ring sizes to AN 
drawings 6227 and 6230 by Garlock 
Packing Co., Dept. 34, Palmyra, 
N. Y. 


For more data circle MD-80, page 209 


| Position Indicator 


Doelcam Microsyn_ electrome- 
chanical signal generator trans- 
forms angular displacement into an 
electrical signal for measurement 
of any mechanical variable. With 


=! 


— 
poste ne D corn 


e082 S co . 





an appropriate feedback system, 
the indicator may be used to con- 
trol industrial processes. Features 


linear output resolution to 1/100 
degree, negligible reaction torque 
and sensitivity up to 7 volts per 
degree at 40 cycles per second. 
Made by Doelcam Corp., Soldiers 


Field Rd., Boston 35, Mass. 
For more data circle MD-81, page 209 


Plastic Valves 


Vanilene plastic globe and Y 
valves are corrosion resistant and 
will withstand most acids as well 
as a variety of caustic solutions. 
Fabricated from polyethylene, they 
are light in weight, high in 





strength, and are recommended for 
working pressures up to 50 psi and 
temperatures to 150F. Available 
in 4%, 1, 1% and 2-in. sizes. Made 
by Vanton Pump Corp., Empire 
State Bldg., New York 1, N. Y. 


For more data circle MD-82, page 209 


V-Belt Pulley 


Flanged type split taper bushing 
permits hub of QD Junior fraction- 
al horsepower V-pulley to grip 
shaft and still allows easy assem- 
bly and removal. Two-piece as- 
sembly is drawn together by three 
slotted hex-head machine screws, 
using either wrench or screwdriv- 
er. Additional tapped holes per- 
mit use of assembly screws as jack 
screws to break the cone grip. A 
common hub is used for complete 
pulley range, which is from 3.5 to 
15.4-in. diameter. Bore range is 
from % to 114-in. by 1/16-in. in- 
crements. Made by Worthington 


MACHINE DESIGN—September 1953 




















) 


Parker 


Rust Proof 
Company, U.S. 38 years 


Metallgesell- 
schaft, ag 2 6 years 


Our customers, through our international affiliations, 
r get.the benefits of world-wide research, experiment 
ompany, & .. . 
England 28 years and application. 


Sediete For the best in surface treatments for metals, call on 
Continentale Parker 1 


Parker, France 28 years 
*Bonderite, Bonderlube, Parco, Parco Lubrite— Reg. U.S. Pat. Off. 


120 years 


» ARKE @ RUST PROOF COMPANY 


2193 E. Milwaukee Ave., Detroit 11, Michigan 
BONDERITE BONDERITE and BONDERLUBE PARCO COMPOUND PARCO LUBRITE 


corrosion resistant paint base aids in cold forming of metals rust resistant wear resistant for friction surfaces 
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Hollow Shaft Differential 

Minimum weight, inertia, and backlash. 
A precision computer component. 
Designed for accurate resolution of 
angular position or velocity sums and 
differences. Hollow shaft design offers 
complete freedom of positioning of 
differential on shaft and facilitates 
installation-removal of differential 
from shaft without instrument disas- 
sembly. Shrink-on, safety-keyed side 
gears available to your specifications. 
Inertia: .0745 ounce-inch?; maximum 
backlash: 10’; overall axial length: 
1%”; clearance radius: .520”; weight: 
1% ounces; unit receives a %,” diam- 
eter shaft. Precision ball bearings. 


application versatility 
in 
computer components 


by 


IBRASCOPE 


The functional solution to your 
computing and controlling problem 
is available at Librascope, where 
design simplicity keynotes 15 years 
of leadership in industrial control.: 


For details on this and 
other computing-controlling 
components, write: 


LIBRASCOPE, INC. 


Mechanical and electrical analog 
computers, digital computers, 
input-output devices and components. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
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New Parts and Materials 


| Corp., Mechanical Power Transmis- 


| 











1607 FLOWER STREET, GLENDALE, CALIF, | 






sion Div., Oil City, Pa. 
For more data circle MD-83, page 209 


Plastic Hole Plugs 


Round or square holes ranging 
from 4 to over 1-in. diameter in 
assembled products from autos to 
household appliances can be closed 
up by these plastic hole plugs. 





Easily pressed into position with 
only the fingers, plugs provide a 


moistureproof seal. They are 
available in wide choice of colors 
for matching purposes. An ex- 
ample of their application is the 
sealing of holes in inner liners of 
refrigerators to prevent air circu- 
lation between walls. Made by 
Shakeproof, Div. of Illinois Tool 
Works, 2501 North Keeler Ave., 
Chicago 39, Ill. 


For more data circle MD-34, page 209 


Servo Motors 


Designed for applications requir- 
ing light weight and exact perform- 
ance, low-inertia Models 1300 and 
1500 are available for two phases, 
60 to 400-cycle frequency, in 2, 4, 














































6 and 8-pole construction. They 
can be supplied with high imped- 
ance control winding for plate-to- 
plate operation and can be special- 
ly built to meet specification. Made 
by Induction Motors Corp., 55-15 
37th Ave., Woodside 77, N. Y. 


For more data circle MD-85, page 209 


Cushioned Jewel Mountings 


Protection against stresses of 
vibration, shock and improper ad- 
justment is provided by these 
cushioned jewel mountings for 
jewel assemblies. Resilient cushion 
of silicone rubber absorbs shocks 
and vibration and is capable of 
withstanding temperatures from 
—85 to 325 F. Application can be 
in delicate instruments and meters 
exposed to extreme conditions. 
Made by Richard H. Bird & Co. Inc., 


Waltham, Mass. 
For more data circle MD-86, page 209 


Steam Valve 


This valve is designed to operate 
without sticking, which is caused 
by valve expansion at high tem- 





peratures combined with deposits 
of iron oxide, boiler compound, 
lime, etc. Increased clearance be- 
tween the piston and cylinder walls 
compensates for normal steam 
valve expansion and deposits. Made 
by Atkomatic Valve Co., 545 Ab- 


bott St., Indianapolis 25, Ind. 
For more data circle MD-87, page 209 
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Drawing Instrument 


The Adapto-Arm produces pic- 


torial drawings in isometric, di- 


metric and trimetric by tracing the | 


normal orthographic views of the | 


object. The instrument has three 
moving parts—the 52-in. channel 
track, which can be secured to the 
drawing table; the marking link, 
and the tracing link. A runner is 








attached at one end of each link 


for the purpose of sliding freely | 
in the channel track. The trac- 


ing link and the marking link are 
pivoted 24 in. from the runners. 
Slots in each link provide means of 
fastening marker and tracer. Made 
by the Wilkinson Co., P. O. Box 
638, Arnold, Md. 


For more data circle MD-88, page 209 


Oscillogram Processor 


Oscillographic records on any 


standard recording papers up to | 
12 in. in width may be completely | 


processed and dried at speeds ex- 
ceeding 10 fpm by the 23-109 Os- 
cillogram Processor. Processing is 
accomplished without darkroom 
facilities or an external water sup- 
ply. Measuring 17 in. wide, 31 in. 
long, 18 in. high, the unit may be 
carried directly to a test site to 
(Continued on Page 240) 
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company... 


has specialized for years 
in the design and manufacture 


of small, low cost, positive 


displacement, pumps for 
Original equipment on many 
types of machines, devices 


and appliances. 





e Eco Pumps’ axially-oscillating dual- 
impeller action permits smaller motors 
using less power. 


e Internal constructions are available 
in a wide range of materials—metals, 
plastics, rubber—for pumping all types 
of clear fluids. 


e Capacities to 10 GPM. Pressures to 
150 PSI. Self-priming. High suction lift. 
Non-foaming. Continuous non-surging 
delivery. 


e Operate in any position and sub- 
merged, pumping high or low tempera- 
ture fluids. 


e A Unique Engineering Service, 
matches pumps to specific problems. 


If you use pumps in your products, 
come to Eco for Economy. 


ECO ENGINEERING COMPANY 
12 New York Ave., Newark 1, N. J. 

















High temperature resistance: Elevated temperatures have no appreciable effect on 
the 1000-1200 volts per mil dielectric strength of glass cloth coated with SE-100. 





Flexible at —120 F: A glance at the blue curve shows the difference (Young's 
Modulus in flexure) of SE-550 versus organic rubber after 24 hours. 















Compression test: Same-size pieces of ordinary silicone rubber and SE-360 are com- 
pressed for 22 hrs. at 350 F. Note how SE-360 (right) “comes back’’to original size. 
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REMARKABLE DESIGN 


NEW SILICONE 


DEMONSTRATED BY TEST... 





SE-100 —IDEAL FOR ELECTRICAL 
AND MECHANICAL APPLICATIONS! 


General Electric's new silicone rubber coating 
compound, SE-100, combines outstanding heat re- 
sistance, electrical and physical properties for a wide 
variety of electrical and mechanical applications. 
SE-100 may be coated on glass or organic fabrics for 
service at high or low temperatures or where resistance 
to weather, ozone, corona or chemicals is required. 


SE-550 —STILL FLEXIBLE 
AFTER 24 HOURS AT —120 Fi! 


G.E.’s new extreme low-temperature silicone 
rubber, SE-550, combines high strength and elonga- 
tion with maximum low-temperature usefulness. 
SE-550 shows practically no increase in modulus at 
—100 F and retains useful flexibility at +120 F. This 
flexibility is achieved without sacrifice of high- 
temperature resistance or any of the other desirable 
properties inherent in silicone rubber. 


SE-360—MORE ‘‘COME BACK’”’ 
THAN ANY KNOWN RUBBER! 


G. E.’s new low compression set silicone rub- 
ber, SE-360, is designed to provide more positive 
sealing action in parts subject to compression at 
elevated temperatures. In addition to its outstanding 
low compression set, SE-360 has unusually low 
shrinkage when cured. This means parts with more 
uniform properties, closer tolerances and opportunities 
for your fabricator to cut scrap loss. 
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SELLIOTT cROCKER-WHEELER 






5! § Gives you the speed you want, 


where you want it— 


In single reduction, 780 to 280 rpm... 


, double reduction, 230 to 45 rpm... 
‘ triple reduction, 37 to 7.5 rpm— 
With any Crocker-Wheeler Motor — AC, 
r squirrel-cage, wound rotor, DC, multi-speed — 
: in the range of frame sizes from 1 to 150 hp — 


In any closure type — open-protected, 
enclosed non-ventilated, splashproof, 
enclosed fan-cooled, explosion-proof — 


For any mounting required — horizontal, 
ceiling, sidewall, inclined — 


Available also with the C-W disc brake, 
as a complete integral power unit — 


GET THE GEARMOTOR DATA BOOK ic: 
~ask your local Elliott District Office 
| Of write direct to Elliott Company, 
! Crocker-Wheeler Division, Ampere, N. J. 


C-W Form BA squirrel-cage motor 
with double-reduction gear — 









Triple-reduction gear unit mounted on C-W totally-enclosed 
fan-cooled “Sealedpower” explosion-proof motor— 






355 oTT Company 


CROCKER-WHEELER DIVISION 
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INDEX OF ACP CHEMICALS FOR METAL 


PRESERVATION AND PAINT PROTECTION 













































































METAL OPERATION ACP CHEMICAL 
Cleaning “DEOXIDINE” 
= “DURIDINE” 
> “ACP RIDOLINES AND RIDOSOLS” 
= Preparation for Painting “ALODINE” 
= “DURIDINE” 
< “DEOXIDINE” 
Protection from Corrosion “ALODINE” 
3 
5 = |Cleoning “DURIDINE” 
4 8 “ACP RIDOLINES AND RIDOSOLS” 
QV [Corrosion Proofing “ZINODINE” 
SS 9 Paint Bonding “ZINODINE” 
2 < [Phosphate Coating, in Preparation for 
> Py Painting “LITHOFORM” 
bs Z {Soldering Flux “FLOSOL” 
N 
Chromate Coating, in Preparation for 
Painting “CROMODINE” 
Cleaning “ACP RIDOLINES AND RIDOSOLS” 
Cleaning for Painting “DEOXIDINE” 
“DURIDINE”’ 
Coating with Copper “CUPRODINE”’ 
Drawing and Extrusion “GRANODRAW”’ 
Paint Bonding “CROMODINE”’ 
“DURIDINE” 
“GRANODINE” 
“PERMADINE” 
- “THERMOIL-GRANODINE” 
a Paint Stripping “CAUSTIC SODA AND SOLVENT NO. 3” 
a Phosphate Coating, in Preparation for 
Painting “DURIDINE” 
“GRANODINE” 
“PERMADINE”’ 
“THERMOIL-GRANODINE” 
Phosphate Coating, to Protect Friction 
Surfaces “THERMOIL-GRANODINE” 
Pickling with Inhibited Acids “RODINE”’ 
Rust Prevention for Unpainted Iron “PEROLINE”’ 
Rust Proofing “PERMADINE”’ 
“THERMOIL-GRANODINE”’ 
Rust Removal—Brush, Dip, or Spray “DEOXIDINE” 
Soldering Flux “FLOSOL” 











: Visit Our Display in 
° Space 1104 
° Main Exhibition Hall 
° Cleveland 





CHEMICALS 


PROCESSES 








Public Auditorium 


National Metal Exposition 
October 19th - 23rd 


at the 





AMERICAN CHEMICAL PAINT COMPANY 


GENERAL OFFICES: AMBLER, PENNSYLVANIA 


Detroit, Michigan 





Niles, California 


1 PS ate tres am @pate tate) 








| 
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(Continued from Page 235) 


provide data immediately following 
a test run. The 250-ft capacity 
magazine may be loaded in sub- 
dued light or a darkroom, depend- 
ing on the sensitivity of the record 
material being used. Several maga- 
zines may be loaded at one time. 
Solutions are contained in stain- 
less steel tanks and thermostati- 
cally maintained at 100 F to mini- 
mize ambient temperature effects. 





Drying-drum temperature is ther- 
mostatically controlled and may be 
adjusted by the operator for vari- 
ous humidity conditions, paper 
widths, and record materials. Mod- 
els are available for operation from 
115-v or 230-v single-phase ac 
lines from Consolidated Engineer- 
ing Corp., 300 North Sierra Madre 
Villa, Pasadena 8, Calif. 


For more data circle MD-89, page 209 


Stress-Strain Recorder 


Load is recorded by movement of 
the stylus parallel to the axis of 
the recorder drum; the stylus is 
driven by direct mechanical con- 
nection to the load-indicating ele- 
ment of the testing machine. Two 
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1c VALVE ons \ you will find the modern approach to 


your SOLENOID VALVE problems... 


\ 
ie..s 4 
lose Hel. SKINNER VALVES 
\ 


oat 
gz SRINNER wee yon 
| 115 Edgewo°? ce 
\ New Britain, Conne 
\ 


W 
\ Skinner Valves 


GUARANTEE 
\ MILLIONS of CYCLES 


(on most applications) 


The measure of performance in an electric valve is in 
cycles— millions of them in Skinner Valves... with the 

| kind of guaranteed performance made possible through 
the constant research, lab testing and design facilities, 

\ know-how of Skinner engineers and the productive 
\ capacity of an ultra-modern plant. Skinner Solenoid 
Valves have a record of satisfactory and dependable 
performance in countless installations for gaseous or 

liquid control. Many models are Underwriters’ Approved. 
Let us approach your problem in the modern manner. 
Some of the many Skinner Valves are shown below. 















~ NY 


V5-2 x5 
4-way 2-way Some as 
20-150 p.s.i. 0-150 p.s.i. 0-1000 p.s.i. V5 valves 






(except 
explosion proof) 
0-300 p.s.i. 





“wm V50 V5-3 
2-way 
0-3000 p.s.i. 0-300 p.s.i. 


m-VALVES 


SKINNER ELECTRIC VALVE DIV., The Skinner Chuck Company, 115 Edgewood Ave., New Britain, Connecticut 





2-way 
5-250 p.s.i. 
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VIBRATION - 


OLATION NOTE 


These NEW Product Bulletins give YOU 
COMPLETE ENGINEERING DATA 
on ALL-METL BARRYMOUNTS 


vs Mad 


Here’s what’s in them for YOU: 


5. 


Transmissibility curves showing 
performance under test conditions 


of JAN-C-172A. 


Curves showing reduction of trans- 
mitted acceleration and displace- 
ment. 


Curves showing how changes in 
loading affect transmissibility at 
resonance and natural frequency 
for vertical motion. 


Curves showing effect of high and 
low temperature on isolator per- 
formance. 











Shock-characteristic data, includ- 
ing curves showing vibration iso- 
lation after 15g shock test. 


Application data, including curves 
that show you how to choose iso- 
lators for unsymmetrical loads. 


Dimensioned drawings of unit 
isolators, channel pairs, and 
mounting bases. 


Detailed data on the construction, 
operating principle, and weights 
of mounts and bases. 

A complete list of load ratings 


and catalog numbers for unit iso- 
lators, channel pairs, and bases. 


These are the first really comprehensive bulletins on knitted-wire vibration isolators. 
To get your FREE copies, ask for Barry Product Bulletins 534 and 536. And, if 
you have a special problem, count on getting the right answer from our Field 
Engineering Service. 





NOISE 
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recorder load ranges are available 
for each indicator range, one pro- 
viding full recorder scale for 50 
per cent and the other for 100 per 
cent of each indicator range. Strain 
is recorded by rotation of the drum, 
which is driven through reduction 
gears by an electric motor con- 
trolled by two opposed balancing 
electromotive forces. The recorder 
is also provided with adapters 
which permit recording the output 
of SR-4 strain gages attached di- 
rectly on the surface of test speci- 
mens. The equipment operates on 
50-60 cycle, 110-v power. Accura- 
cy of strain measurements is 0.2 
per cent of the recorder range or 
0.5 per cent of reading. Made by 
Baldwin-Lima-Hamilton Corp. 
Philadelphia 42, Pa. 


For more data circle MD-90. page 209 


Analog Computer 


Electronically simulating vari- 
ous physical systems, the EASE 
analog computer can operate as an 
equation solver, a system analyzer 
or a design instrument. Empirical 
or theoretical formulas for a sys- 


tem under study are set up on the 


ereeae 
eeeeqge 
aeeee4e 


Pee arere 
Pee erene 
Peaeeeee 











and the problem is 
solved by varying coefficient po- 
tentiometers. To extend the ca- 


‘pacity of the unit to solve more 





complex problems, components may 
be added by inserting them into 
the rack and applying power. 
Function and operational relays 
are provided, enabling the unit to 
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operate in real time, fractions of 
real time, or on a repetitive rate 
basis. Computers are available in 
10, 20 or 30-amplifier sizes from as 
Berkeley Scientific Co. Div., Beck- = 
man Instruments Inc., 2200 Wright " 


Ave., Richmond, Calif. 
| For more data circle MD-91, page 209 


So SPACE! 


> 





Pressure Pick-Up 


Expected to find use in current 
research activities on rocket pro- 
pellants and jet engines, this device 
has a stainless steel diaphragm 
which can be exposed to gas tem- 
peratures in excess of 5000 F with- 
out damage. The heat-transfer rate 





NEW(T-J) 


for the entire face of the unitis 11 | 
Btu per square inch second with a | ig  « Ey 1?) 
cooling water temperature rise of | A YL E 
85F. All exposed parts are made 
of stainless steel. The small size 
matrument is made by Control E- streamlined design that elimin- 
gmecrmg Corp., 560 Providence ates tie rods. They’re super rug- 
Highway, Norwood, Mass. ged—extra high safety factor... 
ee pee ey eee eee ee solid steel heads . . . heavy wall, 
precision honed, hard chrome 
plated, seamless steel body... 


leakproof cylinder head to body 
construction . . . heavy duty, hi- 


























These new T-J Cylinders save up 
to 40% in mounting space—with 






Copying Camera tensile, hard chrome plated pis- 
ton rod. 

The No, 4 Lith-Master copying Available with the new T-J 
camera has automatically con- Super Cushion Flexible Seals 
trolled exposure speed and lighting. which insure positive cushion 
The camera copies material up to with automatic valve action for 
17 by 22 in. directly on to an 8% fast return stroke. Many stand- 





ard sizes and styles . . . for push- 
ing, pulling, lifting, clamping 
or control jobs. T-J dependa- 
bility. Write for bulletin 8152. 
The Tomkins-Johnson Co., 

Jackson, Mich. 


id ~TOMKINS-JOHNSON 


on the Space- 
RIVITORS AIR AND HYDRAULIC CYLINDERS. CUTTERS. CLINCHORS 





by 13-in. XeroX plate for transfer 


"SAVED 


























maker—any 
style, any stroke, 
1” to 3°’ diam. 
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Thoroughly 
Proven 


AIR SOLENO 


)T-OPERATED CONTROL 
for a 
myriad of uses! 








More 
information 
next month 


ASK ON YOUR R LETTERHEAD Fé FOR BULLETIN uD. > 
SBR EERE re oS gyal gE 
VALVAIR CORPORATION, 953 om Ave., Akron 11, Ohio 


AFFILIATE: SINCLAIR-COLLINS VALVE CO. 
Vi Pa 















——>  2-WAY ———» 3-WAY 


_ Pocket Comparator 
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to a paper master by the xero- 
graphy process. It permits reduc- 
tion to 50 per cent and enlarge- 
ment to 150 per cent. A relay on 
the control box operates the lights 
only when the shutter is open. Four 
thermal shock-resistant 300-w 
lamps provide illumination which 
reduces the former exposure time 
by one-half. The camera fits on 5 
by 2 ft table; over-all length with 
copy board down is 73 in.; width 
including extending lights is 58 in. 
Made by the Haloid Co., Rochester, 
N. Y. 


For more data circle MD-93, page 209 


Designed for fast, accurate 
measurement of small parts and 
dimensions, this pocket comparator 
is only 14% by 2 in. in size. Pro- 
viding 6-power magnification, the 
device has a reticle calibrated to 
measure angles, radii, circles and 
linear dimensions, in both decimal 
inches and millimeters. Instrument 
comes in protective leather case. 
Available from Edmund Scientific 
Corp., Dept. 277, Barrington, N. J. 


For more data circle MD-94, page 209 


Digital Point Plotter 


The high-speed model CCP 701 
digital point-by-point plotter is 
used primarily for preparing 
curves and graphs of data received 
from general-purpose digital com- 
puters. It has an aluminum plot- 
ting drum 12 in. long and 6 in. in 
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Clifford BELLOWS DIGEST 








Differential Pressure Problems 
Solved by Bellows 


THA 
UUW 


U 


thn 
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PRESSURE GREATER AT INLET (A) 
COMPRESSES LARGE BELLOWS, 
THRUSTS ACTUATING ROD DOWNWARD 


AMONG THE MANY USES of the new differential pressure 
Clifford bellows assembly is the maintenance of absolute 
pressure in aircraft fuel systems. Manufacturers of thermo- 
stats or pressure switches which must not be affected by 
barometric changes due to altitude or other factors also find 
the new assembly an ideal control unit . . . for vapor pressure 
thermostats, for instance. 


The assembly is useful, too, for flew indication or control. 





PRESSURE GREATER AT INLET (B) 
EXTENDS LARGE BELLOWS, MAKES 
ACTUATING ROD RETRACT 


Pressure drop across an orifice or venturi can be used to 
“‘sense”’ flow in a closed system. A sensitive bellows can be 
used since the large bellows is subjected to differential 
pressure only. 

Generally, the unit can be applied to all types of industrial 
processes where pressures within a fluid system must be 
automatically equalized or where absolute rather than gauge 
pressure must be maintained. 











Bere 
5 OM, ai 


THIS CLIFFORD DIFFERENTIAL BEL- 
LOWS ASSEMBLY CONSISTS of large 
operating bellows (C) and two small- 
er sealing bellows (D), (E). Pressure 
can be applied at either side of large 
ellows. The movement of the actua- 
ting rod is then proportional to the 
difference between pressures on the 
mMside and outside of the large bel- 
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lows. Either side of the large bellows 
can also be evacuated and sealed. In 
this case, the movement of the rod 
is a function of absolute pressure. The 
rod is used to operate switches, valves 
or any similar devices to control an 
indicated differential or absolute 
pressure. 

The assembly comes in a variety of 
materials . . . brass, stainless steel, 
monel or any metal having suitable 
drawing property for making bellows. 
It can be adapted to all combinations 
of sizes and pressures for which bel- 
lows are available. For further de- 
tails, write direct Clifford Manufac- 
turing Company, 124 Grove Street, 
Waltham 54, Massachusetts. Division 
of Standard-Thomson Corporation. 
Sales offices in New York; Detroit; 
Chicago; Los Angeles; Waltham, 
Massachusetts. 








FLEXIBLE, LEAKPROOF, METALLIC, 
CLIFFORD BELLOWS are also used to 


—s 


transmit motion between two mediums 
control and indicate temperature 


seal rotary shafts or packless valves 


> eo WwW 


transmit motion hydraulically to remote 
points 


provide for thermal expansion 


provide shock mounting or vibration 
dampening 


7 permit motion in a vacuum 











CLIFFORD Ygseet 


MANUFACTURING CO. & 
WALTHAM. MASS 


Be 


mETAr BELLOWS 


wtat 
EXCHANGERS 
























_ For every control, tap, 
and transfer application. 
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to latest Navy specs. 
to 200 amperes, 30 to 
to § 500 volts a. c. — 














ELECTRO SWITCH 


CORPORATION 


167 King Avenue, Weymouth 88, Mass 
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diameter, capable of producing 11 
by 17-in. plots. Plotting speed is 
2 seconds per point. Various 
stylus-symbols are available. An 
optional decimal keyboard is avail- 
able for manual plotting, and pro- 
vision can be made to plot data 
from magnetic and paper tape or 
IBM card readers. Made by Cali- 
fornia Computer Products, 3927 
West Jefferson Blvd., Los Angeles 
16, Calif. 


For more data circle MD-95, page 209 


Multiple-Purpose Computer 






The GraphAnalogue has been 
developed for data reduction, scal- 
ing and design engineering calcula- 
tions. The unit has an infinitely 
variable scale. On its upper surface 
are eighteen scales, including three 
linear and three reciprocal scales, 
in inch, foot and centimeter dimen- 
sions, along with logarithmic, prob- 
ability, trigonometric and power 
scales. By setting the hairline in- 
dicator any desired scale can be 
produced. Graphs or curves can be 
multiplied directly with this instru- 
ment and distances can be divided 
into any number of equal spaces, 
into logarithmically proportional 
lengths, or into any arbitrary non- 
linear proportion. The main body 
of the unit is made of aluminum. 
Made by Gerber Scientific Instru- 
ments Co., 89 Spruce St., Hartford 
1, Conn. 


For more data circle MD-96, page 209 


Pressure Transducer 


Model P97 measures differential 
or gage pressure in the range 0 to 
0.05 psi. Its stainless steel dia- 
phragm permits measurement of 
corrosive fluids. For differential 
pressure measurements, the trans- 
ducer is supplied with a reference 
pressure connection to the case 
cavity into which noncorrosive 
gases may be introduced. Output 
is 3.5 millivolts per volt full scale 
open circuit. The unit is used 
the investigation of both static and 
dynamic pressures. Specifications 
include: nominal bridge resistance, 
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-M AIR «HYDRAULIC CYLINDERS 





927 
ples 




















ob- cut-away view of Ortman-Miller Air Cylinder 

ver r 

a a € The compact, space-saving design, free from pro- 
jecting tie rods and end caps, makes O-M Cylinders 

a easy to slip in and out of the deepest recesses in 

oo ° H machine bases and other hard-to-reach locations. 

led easier 0 ins | * For installation in unusually close quarters, O-M 

es, All-Steel Cylinders (with Bearing Bronze—NO 

nal Castings) can be turned down to fit. 


e t 1 The internal-locking key, that eliminates the need 
dy for tie rods and end caps, makes it possible to 
m. easier 0 service on + eye and easily disassemble any O-M Cylinder, 
rus or inspection or. service, without wrenches. There 

are no gaskets to replace when cylinders are re- 


rd ’ e 1 A 
4 ny appl ication * om teen “Fit Where Others Won’t.” They 


have the lowest coefficient of friction of any cylin- 
der, thus, are smoother operating at low or high 
speeds. All end plugs are tapped for universal 























FITS mounting. 

i A Available in a complete range of sizes (11/,” to 
ol : where others won't 8” bores), with standard, 2 to 1 oversize drive 
to rods. Completely interchangeable parts. 

we Write TODAY for FREE Catalog and free set of 1, 

af and 1/-scale templates showing all cylinders and 
-al 14 day delivery on most sizes mounting brackets. 

pai> ee eee “7 
oh ORTMAN-MILLER MACHINE CO. 
ol 1210 150th Street, Hammond, Indiana | 
ve [] Please send latest O-M Catalog | 
ut [} Please send Complete Set of Templates | 
le I rinetindsinns-donitranpstitheneesaitihe Position.......... 
7 RSL See | 
a SE tae esos 
. interchangeable bore for bore ews ers nmiyeercirmre san “a 
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SKYSWEEPER 


Our largest, most effec- 














350 ohms; rated input, 10 v de or 
| ac; open circuit output, 35 milli- 
| volts full scale; natural frequency, 
| 350 cycles per second; maximum 


tive protection against 


low flying, high speed 


enemy aircraft — the 
© largest (75 mm) cali- 
> ber automatic gun in 


our army’s arsenal, 5 

































line pressure, 15 psi; temperature 
| limit, —65 to 250F; resolution, 
| 0.1 per cent or better; weight, 2% 
| lb. Made by Statham Laboratories 
| Inc. 12401 West Olympic Blvd. 
| Los Angeles 64, Calif. 


For more data circle MD-97, page 209 


Nonmagnetic Test Chamber 


Used in determining effects of 
| temperature on electrical fields in 
the development testing of pure 





=—and a CARBON BRUSH can operate 
or wreck a great Skysweeper... 


A tiny brush in the huge program of national defense— but 
how powerful for safety or ruin! Contacts and brushes 
developed, like this one, by the Superier technical staff 
hint at our readiness to ferret out your exact requirements 
—to work long and closely with you as your needs demand. 


SUPERIOR CARBON PRODUCTS, INC. 


9115 GEORGE AVENUE, CLEVELAND 5, OHIO 





| metals, this unit contains no steel. 
| It is constructed of brass, copper, 
aluminum, rubber, bakelite, glass, 
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Wright J-65 jet engine main 
bearing support... impractical 
to machine from one piece. 
Readily produced as a weld- 
ment of two Ductalloy preci- 
sion Castings. 








/ . 8 + es «= 
Ductalloy’ castings make “‘impossible” parts producibie 


This highly stressed part secures the 
7,200-lb. thrust Wright J-65 jet en- 
gine in the aircraft, carries major 
structural members ahead of and be- 
hind it, and mounts a main shaft 
bearing in its center. Air roars be- 
tween the carefully contoured inner 
and outer rings. 

As originally hogged out from an 
aluminum forging on an experimental 
basis, this part required some 1200 
hours of machining—impractical for 
volume production. Redesigned by 
Curtiss-Wright Corporation’s Wright 


YOUR PROBLEM—Ductalloy may solve your problem if it involves 
economical production of complex metal shapes that are diffi- 
cult to cast in steel, expensive to forge, or lacking strength in 
gray iron. Brake Shoe’s experience, research laboratory and 
experimental foundry are available to help you best utilize its 
unusual combination of characteristics. Write for your copy of 


this new technical bulletin today. 





aca *& 
NEW 


P A R 
YORK 1 


Ductalloy castings are made by: BRAKE SHOE & CASTINGS DIVISION 
ENGINEERED CASTINGS DIVISION 


Aeronautical Division as a weldment 
of two Ductalloy precision castings, it 
requires only simple turning and fac- 
ing plus 25 ft. of welding to assemble 
the ten interconnecting stainless steel 
struts. An “impossible” part for vol- 
ume manufacture in other metals 
which would meet specifications, it is 
rendered readily producible in Duct- 
alloy—Brake Shoe’s ductile cast iron 
that combines high 

strength with the cast- 
ing and machining 
qualities of gray iron. 
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™ (O WAS Nothing 


OU ask, “If I had the perfect application of variable- 

speed control to my production machine, would it 
cut costs, improve my product .. . or, do both?” Chances 
are the answer is YES! But our point is this . . . Why 
waste valuable time in searching for the “perfect applica- 
tion” yourself. Do as thousands of engineers, designers 
and production men have done. LOOK TO LEWELLEN 
for the answer. Send us the facts. All we've learned in 
more than 50 years will go to work for you—quickly, 
confidentially. LEWELLEN MANUFACTURING CO., 


COLUMBUS, INDIANA. 
























Lewellen Variable Speed Transmissions are 
made in open and enclosed types—vertical or 
horizontal—in all sizes from fractional h.p. to 
40 h.p. Lewellen Variable Speed Motor Pulleys 
are available for all ratings from fractional to 
71% h.p. Speed range, 3 to 1 for all pulley sizes. 
(One size has a speed range of 2% to 1.) 


LEWELLEN 


Variable - Speed 


TRANSMISSIONS —MOTOR PULLEYS 


























Starting the instrument automati- 
cally by overcurrent in 14 -cycle, 
and stopping it after a predeter- 


Engineering Equipment 








wood and Fiber-glass, Motors and 
electrical components are located 
approximately 6 ft away to elim. 
inate effects of their electrical] 
fields. The unit produces any tem- 
perature from —112F to 68F with 
close temperature control. An in- 
ner chamber thermally governed by 
vernier control holds temperatures 
to +0.1 F. Developed by Bowser 
Technical Refrigeration, Terryville 
Conn. ) 
For more data circle MD-98, page 209 


Recording Instrument 


For photographically recording 
power system disturbances, pre- 
selected magnitudes, wave shapes 
and phase relations, PM-13 oscillo- 
graph has_ seven galvanometers 
with Separate shunt and resistor 
unit for adapting them to current 
or voltage measurements. Relays 
and controls are provided for 
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mined interval or after fault has 
been cleared. Units provide infor- 
mation on circuit-breaker, rela) 
and system performance and on 
fault location. Including a time 
recorder which photographically 
establishes date and time of each 
oscillogram, unit measures 16 in. 
wide, 23-7/16 high and 10%, in. 
deep. Made by General Electric 
Co., Schenectady 5, N. Y. 

For more data circle MD-99, page 209 
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advanced 
features 


no backstop 
to wear 


Takea = soz 


Critical Look = 
Inside... wuss 






class ‘‘B’’ 
specifi- 
cations 


an Automatic Electric class "'B” relay 


RELAYS 


PRODUCTS OF THE 


AUTOMATIC RY 








This Class “B” Relay meets stresses at critical areas 

. .. the stresses and strains of hundreds of millions of 
operations . . . with advanced features that are 
standard equipment. 


The conventional backstop has been eliminated. 
Working tips of the armature arms rest against 
non-magnetic discs, spot-welded on the heelpiece at 
points of contact with the armature, to prevent magnetic 
“freezing”. There is one less part subject to breakage, 
wear and need for readjustment. 


Armature arms are extra-thick, designed ‘to handle any 
spring load, even under constant, heavy use. There is 
no “sagging off” or any other such loss of stroke. 


The bearing pin is fixed to the armature, and turns in a yoke 
with a large bearing surface, packed with solid, long-lasting 
lubricant. A wear-resisting plate gives the bearing pin 

a full-length bearing surface. The bearings last and last 
and last! The air-line remains clearly visible, can 

be checked easily. 


Dome-shape buffer design eliminates “wearing-in”, 
distributes spring pressure evenly, reduces wear and 
contour changes. Buffer material wears like iron! 


For exceptional sensitivity, performance and durability, 
specify this member of the Automatic Electric relay 
family. Complete data is yours for the asking. Write: 
Automatic Electric Sales Corporation, 1033 W. Van Buren 
St., Chicago 7, Illinois. In Canada: Automatic Electric 
Sales (Canada) Ltd., Toronto. Offices in principal cities. 


Six different types of Class “B” Relays are available to 
meet your needs. BQA—quick-acting, DC; BSO— 
slow-operating, DC; BSA—slow-acting, DC; BSR— 
slow-releasing, DC; BFA—quick-acting, AC; and 
BMS—quick-acting, AC or DC snap-acting contacts. 
Armatures—Series BQA and BSO have long-lever (2 to 
1 ratio) armatures. Others have short-lever (1 to 1 
ratio) armatures. 

Contacts—Normally twin. Load carrying capacity, 

150 watts (maximum 3 amps.). 

Contact spring capacity—Series BQA, BSO and BFA, 
13 springs per pile-up. Series BSR and BSA, 6 or more 
springs per pile-up. Series BMS, 1 or 2 snap-action switches. 
Dimensions—Series BQA, BSO, BSA, BSR, and BFA— 
over-all length, 4342”; width, 1%e” to 214” (depending 
upon number of springs) ; height, 1442”. Series BMS— 
over-all length, 4342”, width, 17342”, height, 2%2”. 


For more detailed information, ask for Circular 1801. 


SWITCHES 


INDUSTRIAL DEPARTMENT OF 


ELECTRIL 


CHICAGO 


MACHINE DEsIGN—September 1953 








VielUm @r @ § A Weiacene 
ai 









EQUIPMENT CC 


more econ 






































pes rename OS 






















LK Latching Type MH Miniature Telephone LM Plate Circuit Type AP Sequence Impulse Type 











Choose from these and many other P&B relays 


for 
@ Machine Tool Control @ Hydraulic Interlock 
@ Conveyor, Loading @ Signaling Systems 
@ Automatic Indexing, @ Electronic Regulators, 
Sorting, Checking Magnetic Amplifiers 
@ Ovens, Humidifiers @ Safety Control 
@ Lathe Control @ Synchronizers 


Buy stock model P&B relays for automation from your local 
Electronic Parts Distributor. P&B field engineers located in all 
principal cities will assist you with your relay problems. 


or eae ee ee ee ee Ce ee ee ee 


1 am interested in P & B relay automation circuitry. Please send Bulletin 
100 which describes and illustrates over 100 standard relay versions. 


Name 





Title 





Company 





Address 


fe 





City State 


POTTER & BRUMFIELD 


DEPT. MD « PRINCETON, INDIANA 

















S OMETIMES in the history of 

science or engineering one finds 
means for the alleviation of to- 
day’s trials and problems. Well, for 
a moment at least, we hope the fol- 
lowing account offers some stress 
relief. 


Gene Murphy is the reporter of 
this 400-year old development and 
the scoop appeared originally in 
Minneapolis - Honeywell’s publica- 
tion, Instrumentation, 


the attempt and not 
the deed confounds us* 


Toward the middle of the Six- 
teenth Century, there dwelt in the 
very shadow of the Tower of Lon- 
don a coarse fellow whose vocation 
it was to extract, by such means 
as were then considered appropri- 
ate and fitting, confessions of 
crimes from those unfortunates 
who had incurred the displeasure of 
the feudal lords of the day, and 
who had been entrusted to the 
offices of the Lord High Execu- 
tioner. Able and willing as this 
fellow was at the tasks assigned 
to him by the Lord High Execu- 
tioner, he constantly dreamed of 
turning base metals into gold, for 
alchemy was his avocation and the 
one great joy of his life. 

Although this uncouth fellow— 
Launcelot Guinevere! Smythe- 
Smythe by name—possessed neith- 
er learning nor the wherewithal to 
absorb such learning (were the op- 
portunity to present itself), he was 
filled with the conceit that one day 
he would accomplish that which 
others before him had failed to do, 
and would be duly proclaimed far 
and wide as the foremost alchemist 
of the realm. 

Toward this end, he had crammed 
into the dingy garret, wherein he 
dwelt, a motley assortment of 
things the likes of which he had 
heard must needs be the equip- 
ment of any learned and self-re- 
specting alchemist. And nightly, 
having concluded his duties in the 


*Shakespeare, 
‘We wondered about this, too. 
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BEARING 


Write for Bulletin SF-6610 Roller Bearing Company of America, Sullivan Way, West Trenton, New Jersey 
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* “Tl haven't met 
aman yet who 
isn’t impressed \ 
by the 
COPYFLEX 
Story...” 
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torture chambers, he would hie 
himself to this room, there to con- 
coct nauseous brews, and to mix 
carefully with certain ingredients, 
other ingredients, the addition of 
which did bring about strange bub- 
blings and gurglings, and, at times, 
did result in the garret being filled 
to the rafters with fumes and va- 
pors of such an obnoxious stench 
as to well nigh asphyxiate poor 
Launcelot on more than one oc- 
casion. 

Now it so befell that on a rainy 
night in June of the year 1556, the 
day’s arduous tasks in the dun- 
geons having been completed, 
Launcelot brought back with him 
to his room one Cholmondley, a 
young apprentice at the rack and 
wheel, who, in an effort to insinu- 
ate himself into the good graces 
of his mentor, had expressed a 
most extraordinary interest in al- 








says Frank Holt, 
Bruning Drafting Room Specialist 
































“They like its continuous high- 
speed production, and the efficient 
vacuum feed that permits easy inser- 
tion of curled originals. 

“Elimination of expensive ventila- 
tion systems and plumbing makes a 
big hit, too.” 

From prints to pencils, Bruning- 
trained men like Mr. Holt can take 
care of every drafting room require- 
ment. They give “in-person” attention 
to your needs and fast service on all 
kinds of drafting room equipment. 
They help you turn out better work 
in less time at lower cost. For more 
facts and figures on Copyflex, send 
coupon today. 


“Everybody knows operating costs 
are high these days. So engineers 
and draftsmen get a pleasant surprise 
when they find they can save plenty 
by whiteprinting the Copyflex way. 

“With the high-volume Model 93 
COPYFLEX, for instance, they can 
copy anything drawn, written, typed 
or printed for less than 2¢ a sq. ft. 
And they get dry, ready-to-use prints 
in a matter of seconds. 


From Pencil to Print, only 
BRUNING has everything 


@ COPYFLEX Whiteprinters 

® Drafting Machines 

® Tracing Paper and Cloths 

® Surveying Equipment 

® Drafting Furniture 

® Drawing Instruments 

® Sensitized Papers, Cloths, Films 

® Electric Erasers 

© Complete Line of Drafting 
Supplies and Equipment 





MODEL 93 COPYFLEX MACHINE 
I cosnntes BRUNING COMPANY, INC., Dept. k9_ 
4700 Montrose Ave., Chicago 41, Ill. 
(C) Please have a Drafting Room Specialist call. 
C] Send me free booklet on COPYFLEX 93. 
[] Show me COPYFLEX in action (no obligation). 


C7 LILEED 





PEGs cccwesssctcaveneteees Ws cacsvcane 
ak hac cc cscctsesetsovesicdebccdes 
BN no ce canceodvasdevcenvecieeediécnawes Everything for the Engineer and Draftsman 
a Zone State...... 
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chemy and things pertaining there- 
unto. 


Research—Phase One: Delaying 
only long enough to consume, each 
one, in lieu of supper, three or four 
tankards of ale, the two straight- 
way fell about the task of trans- 
muting into gold a small quantity 
of lead filched from the melting 
pot in the torture chamber. Beak- 
ers and vessels and pots they 
placed upon a table. A pinch of 
powdered unicorn horn, a dash of 
ground frogs’ eyelashes, and a 
small quantity of ale that was as 
yet unconsumed did Launcelot add 
carefully to the vessel containing 
the lead, while the apprentice did 
kindle a small blaze beneath a huge 
flagon which held a mixture of 
thieves’ blood, witches’ hair and 
murderers’ eyes (purloined from 
the torture chamber’s spare parts 
chest), along with carefully calcu- 
lated amounts of still unidentified 
chemicals borrowed, without per- 
mission, from the queen’s physi- 
cian.” 

In less time than is taken to de- 
scribe the happening the flagon did 
begin to spew out fumes so naus- 
eous and horrible in nature that 
Launcelot and Cholmondley, ever 
though accustomed to the odor of 
burning hair and flesh, did 
straightway lose their three tank- 
ards of ale and the better part of 





\ . Stuauncelot’ s descendants later sold the recipe 
i 4 ap patent medicine manufacturer. 
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yesterday’s noon meal before the 
apprentice, being a lad of small 
learning but nimble brain, be- 
thought himself to clap over the 
mouth of the flagon a pig’s blad- 
der, which he then made secure 
around the flagon’s neck with the 
lace from his points.* 

Having thus effectively put a 
stop to the emission of the foul 
fumes, the two did hastily betake 
themselves to the tavern to apply 
to their writhing stomachs a dos- 
age of mayhap three or four tank- 
ards of ale. 


Research—Phase Two: Now, al- 
so in the tavern, and covertly lis- 
tening to their talk, was a great 
man from the Queen’s Court, a 
learned man, one Fotherington 
Wormwoode, who was much given 
to watching and listening to other 
people, and to purloining for him- 
self whatever of interest such 
people did devise. Forsooth, it was 
in this manner alone that Worm- 
woode had come to be a great and 
renowned scientist, for he was of 
the few who could read and write 
and cypher, and although others 
might devise things and talk about 
them, they were in no wise able 
to lay claim to these ideas when 
this great man did show unto the 
queen a wondrous parchment on 
which was set forth the manner 
in which these devices did operate, 
and even drawings showing their 
very construction. 

And so this Wormwoode did fol- 
low Launcelot and Cholmondley 
back to their room and did’ peer 
through a crack in the door and 
observe that which took place. And 
that which he saw at first af- 
frighted him, for the pig’s bladder 
had swelled to the size of a small 
wine cask and was even yet grow- 
ing larger.* 

Cholmondley, being somewhat 
more nimble in the brain than was 
Launcelot, and perceiving at a 
glance that lest something were 
done, there would occur a great let- 
ting forth of repulsive fumes, took 
hold of the bladder with both hands 
and did attempt to squeeze back in- 
to the trembling flagon the fumes 
Which were soon like to rend the 


a 


*They had something to do with holding up 
one’s hose. 


nett the average pig, this condition would 
ave been regarded as fatal. 
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America’s leading machine builders 






standardize on Bijur Automatic 










Lubricating Systems to provide the 
best in bearing protection. 







Bijur guards against bearing failure 
.. . lubricates with the right amount 







of oil at the right time. 






Specify Bijur on machines now in 
production or in the planning stage. 







Assure increased production . . . higher 






speeds . . . smoother operation and 
longer machine life. 






For recommendations, 





call in the Bijur engineer. 



























@ This fully automatic commercial washer, which 
does the work of two or more manual washers, was 
developed by engineers of the Robot Laundry 
Machinery Sales, a division of the Wolf Company, 
Chambersburg, Pa. 


Through the use of 24 MICRO precision switches, 
of eight different types, the designers were able to 
produce the first and only self-contained and com- 
pletely automatic washer. 


Under the automatic control of these MICRO switches, 
the Robot Washer— 


Pre-mixes and releases supplies 
Measures pre-determined gallonage of water 
Controls water temperatures 
Times each washing cycle 
Injects steam at proper time 
6 Dumps washer when cycle is completed 


MICRO switches were chosen by Robot design engi- 
neers because of their long-life dependability and 
high electrical capacity... plus the ability of 
MICRO engineering to provide all the different types 
of switches which were required to control each 
operation most efficiently. 


Whatever your design problem, you will find MICRO 
switches and MICRO field engineering counsel avail- 
able to help you put not just a switch, but the right 
switch in the right place. These MICRO engineers, 
fully experienced in every type of switch applica- 
tion, have over 6000 variations of MICRO precision 
switches from which to help select the right switch 
for your design. We invite you to contact your 
nearest MICRO branch office. 


OVER 6000 DIFFERENT SWITCHES... 
Each created for specific applications 
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®@ This partially open view of the 
controls of the Robot fully auto- 
matic washer shows the location 
of the 24 MICRO switches which 
control the washing cycle. The 
letters indicate the location of the 
eight different types of switches 
which are pictured on the left- 
hand page. Seventeen switches, 
designated as “A”, are in the 
Wash-O-Matic control cylinder. 
The switches below the cylinder 
control water volume limits (B), 
cold water limits (C), hot water, 
steam and shell door limits (D), 
and water temperature (E). 











MAKERS OF PRECISION SWITCHES 


MICRO 20° 
MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
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SAVE 
$.S.WHITE REMOTE CONTROL } 
| FLEXIBLE SHAFTS / 




















THE PROBLEM 


TO CONTROL AN INACCESSIBLE PART 





The designer of the unit pictured below was faced with the 
problem of providing an economical method of operating an 
inaccessible rotary switch from a convenient point outside the 
unit. The control linkage had to have a minimum degree of 
“backlash” and had to be run around a 90° turn. The designer 
considered the many ways in which the control set-up could be 
done and finally decided on 


THE LOW-COST SOLUTION 


AN S.S.WHITE REMOTE CONTROL FLEXIBLE SHAFT 


By using an S.S.White remote 
control flexible shaft, the de- 
signer was able to control the 
switch with a single part which is 
easy to install, requires no align- 
ment, and needs no attention 
once installed. As a result, he was 
able to make substantial savings 
in manufacturing and assembly 
costs with full assurance that the 
flexible shaft would fully meet his rigid service specifications. Why 
not discuss your remote control problems with S.S.White engi- 
neers. Their helpful advice and cooperation will show you where 
you can make similar savings. 





Up-to-date Flexible Shaft Information — 
This 256-page flexible shaft handbook will be sent free if 
you request it on your business letterhead. It contains full 
facts and data on flexible shaft selection and application. 








DENTAL MFG. CO. Dept. 4, 10 East 40th St. 
— NEW YORK 16, N. Y. 


Western District Office * Times Building, Long Beach, California 
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bladder asunder. 

“Press ye! Press ye!” screamed 
Cholmondley to Launcelot. ‘Press 
ye with all ye strength, else ye 
bladder will burst, and we again 
will loseth our ale!” 

While trying in all ways to re- 
strain the swelling of the bladder, 
the two did jostle the flagon so 
that it came not into contact with 
the fire, and behold, as the heat 
left the flagon, the bladder ceased 
to swell and did even shrink a bit. 


A Conclusion is Drawn: And 
through the crack, the unscrupu- 
lous Wormwoode did watch this 
thing take place, the while wonder- 
ing at what was happening as the 
bladder did grow smaller and 
smaller until at last it had regain- 
ed its original aspect and propor- 
tions. Like those within the room, 
he marveled when, after the flagon 
was again placed above the fire, 
the bladder once more did begin to 
swell and extend itself. But the 
two within the room were so as- 
tounded by that which did again 
occur that they forgot, or perhaps 
did not know, that this which they 
were doing was a dangerous thing. 

The bladder, it appears, was one 
of an exceptional strength, but not 
so the flagon, for suddenly, and 
with a shattering roar that was, 
it has been said, heard by two old 
men in a tavern in Exeter, the 
great flagon burst, enveloping even 
the scientist outside the door in the 
clouds of sickening vapors that 
poured forth, and splattering him 
with bits and pieces of glass and 
bladder, and slivers from the door, 
as well as chunks of Launcelot and 
Cholmondley. 

And when he had recovered him- 
self to consciousness, the scientist 
bethought himself that he indeed 
had here the seed of an idea for an- 
other wondrous device that hé« 
could mayhap invent. 

Harkening back, however, to 
that which had befallen the tortur 
er and his assistant, the scientist 
being of the type that loved lif 
with all its pleasures, cast about 
for some means of doing away 
with the need for the flagon and 
the fire, for, being a man of great 
learning, he was aware that the ex- 
plosion had been caused by the evi! 
demons within the flagon who had 
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been angered by their nearness to 
the fire. 


A Prototype Model is Born: And 
so he did devise a system of two 
bladders, one being larger than the 
other, and the two being filled with 
water and connected by a length of 
pig’s intestine.© As he pressed up- 
on the larger bladder, he did ob- 
serve that the smaller one increased 
in size, and he knew that in truth 
he had made a great and profound 
discovery. What it was that he 
had discovered, or in what manner 
this discovery might be gainfully 
employed, he knew not.® 

He was, however, full well aware 
of the fact that he did enjoy the 
favor of the queen only because of 
those things which he had invent- 
ed, and that if he invented not at 
least one wondrous device a month, 
he was well likely to forfeit his 
head. Such being the case, he set 
down on his manuscript that he 
had perfected “a devysse by which 
ye can gauge ye amount by which 
ye presse upon ye bladder of ye 
pigge.” Seeking about for some 
title, he set down the words “Ye 
Press Ye Gauge.” 

This invention—coming as it did 
on the day on which the fiendish 
pains of gout did perchance happen 
to subside in the queen’s foot—was 
the occasion for much feasting and 
merrymaking, and the queen did 
cause Wormwoode to be knighted 
and honored greatly in court. And 
the parchment whereon was writ a 
description of the device was hand- 
ed down from generation to genera- 
tion in the scientist’s family, and 
each generation did toy with the 
device and alter in some way its 
manner of operation until at last it 
no longer made use of a pig’s blad- 
der, but contained instead what 
was called a Bourdon tube. At the 
Same time, as the English language 
itself did change, the name of the 
device grew to be “pressure gage” 
and it came to be used by many 
People who sought to know what 
manner of things were going on in- 
side of a vessel, so that they might, 
perhaps, do something about these 
things or else remove themselves 


from the location ere the vessel did 
burst,7 


a 





“Ye English pigge gave his all for science. 
“Many research men have this trouble, 
"The same feeling still prevails. 
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TUTHILL mover cx series 
WICH PRESSURE Pumps. 
MODEL CK lite 


Compact, self-priming, uni- 
directional. Spring-hoaded 
packing. Direct drive or belted 
units. Capacities from 5 to 50 
g.p.m. Pressures to 400 p.s.i. 










MODELS 
7CK-8CK 
100 and 200 g.p.m. pumps with 


flanged ports at right angles. 
Pressures to 200 p.s.i. 










GET THIS NEW 
TUTHILL CATALOG 
NO. 103 ON PUMPS 

FOR HIGH PRESSURE 
SERVICE 











MODEL CKB 


Same as Model CK, 
sizes 2 to 6, with dependable 
Tuthill mechanical shaft seal. 










This new guide gives you 
types and sizes of Tuthill 
High Pressure Pumps to 

meet any requirement for 











hydraulic service where the 
operating pressure does not 
exceed 400 p.s.i. Capacities 
range from 5 to 200 g.p.m. 
The following models 






MODEL RCK 


Includes Tuthill’s exclusive automatic 
reversing feature which permits driv- 
ing pump in either direction without 
changing direction of flow or port 
positions. Available also with me- 
chanical seal as Model RCKB. 







are typical. 


Write for Tuthill 
Catalog No. 103 today. 







TUTHILL PUMP COMPANY 


Dependable Rotary Pumps since 1927 
939 East 95th Street, Chicago 19, Illinois 


TUTHILL 


, 






Canadian Affiliate: 
Ingersoll Machine & Tool Company, Ltd. 
Ingersoll, Ontario, Canada 
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Designing 


Hydraulic Components 


. . « for maximum reliability 


J. W. Kelly 


Engineering Manager 
Adel Div., General Metals Corp. 
Burbank, Calif. 


and 


N DESIGN, 
straightforwardness are the ob- 
jectives usually sought and com- 


simplicity 


plexity is undesirable. While this 
is normally true, other factors 


Fig. 1 — Failure of original O-ring 

design, 4, to meet operating condi- 

tions in a steel valve sleeve was cor- 

rected in redesign, 6, which permits 

loads to be transferred directly to 
the valve body 
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often enter into the picture which 


bring up considerations that far 
outweigh complexity in terms of 
number of components or number 
of moving elements. In hydraulic 
component design, for example, 
complexity must be considered in 


Fig. 2—Manual override, a, had a 
tendency to bind and was rede- 
signed, 6, to incorporate a cylin- 


drical spring guide 
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terms of the operating forces in- 
volved as well as the number of 
elements making up a particular 
unit. 

Hydraulic component reliability 
is often dependent upon the seals 
employed and many factors must 
be considered in their selection. 
For example, frictional forces at 
—65 F greatly exceed those pro- 
duced at room temperature. Low 
temperature combined with pres- 
sure and time can cause an other- 
wise satisfactorily operating valve 
to malfunction. The quantity of 
moving O-rings that may be under 
pressure at temperatures as low 
as —65 F is considered a far more 
important factor than the number 
of elements making up the unit. 
In addition, the margin of safety 
between operating forces and fric 
tion is definitely more significant 
than the number of moving parts. 

Manufacturing tolerances are a 
necessity for interchangeable pro- 
duction, but they are often diffi- 
cult to maintain. In qualification 
testing, military specifications at- 
tempt to take the effect of toler- 
ances into consideration by re- 
quiring the manufacture of test 
units to extreme fits between mov- 
ing elements. However, this is 
only part of the picture. There 
are other tools the designer must 
use to evaluate the effect of tol- 
erance buildup. A good practicé 
to follow is the utilization of 4 
tolerance chart. Through the 
preparation and study of such 4 


chart, a design can be better 
evaluated from the reliability 
viewpoint. Such a_ procedure 


would help avoid unfavorable hap- 
penings such as O-rings becoming 
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wedged in undercut bores as a 
result of adverse tolerance condi- 
tions. 


General Considerations: The 
safety factor of a hydraulic com- 
ponent is normally established 
through the burst test condition, 
and the designer relies on this to 
prove his design. However, there 
are other factors that also need to 
be adequately evaluated. Since 
weight is an important aspect of 
the problem, the maximum allow- 
able stress on springs used in hy- 
draulic components becomes impor- 
tant. Springs in many of these 
units assume substantial propor- 
tions of the weight where it is 
necessary that frictional forces be 
kept a small percentage of the 
overall operational forces. 

To keep the weight to a mini- 
mum, the designer must use good 
judgment in selecting maximum 
allowable spring stress. This fac- 
tor is considered of enough im- 
portance that a movement has been 
on foot to make spring stress a 
part of the information on instal- 
lation drawings for relief valves. 
Thus, the spring stress is called to 
the attention of the manufacturer 
installing the unit. This does not 
relieve the designer of his respon- 
sibility in producing a reliable unit 
at the minimum possible weight. 

Stress concentrations often slip 
by the most diligent of designers. 
A typical example occurred with 
a small, pilot, three-way valve with 
a spring-loaded poppet. Through 
an error the poppet nose drawing 
permitted a sharp corner to be lo- 





cated immediately under the head. 
This caused a stress concentration 
on the hardened-steel part, which 
was discovered only after units 
were returned from the field. The 
answer was very simple and in- 
volved the incorporation of a gen- 
erous radius. To avoid such situ- 
ations the designer must thor- 
oughly analyze any hardened-steel 
part for stress concentration or 
inadequate dimensional control 
that can cause the same result in 
production manufacturing. 


Dynamic Loads: Ability of a 
unit to withstand loads brought 
about by the operating conditions 
cannot be neglected. Shaft stops 
and flanges on O-ring grooves 
must also be designed for impact 
loads, and not just for their abili- 
ty to pass the burst test condi- 
tions. The two illustrations in 
Fig. 1 show the original design of 
an O-ring groove in a valve steel 
sleeve and the redesign after fail- 
ure occurred in the field. The or- 
iginal design adequately passed all 
of the required test conditions, but 
still there was failure in the field 
caused by repeated stress rever- 
sals. Redesign was simple and 
consisted of removing the load 
from the flange of the O-ring 
groove and having it transferred 
to the valve body. 

Another example that shows 
how a unit can be made more re- 
liable by redesign is the manual 
override shown in Fig. 2. The 
stage before the redesign had a 
simple curved cam working be- 
tween the spring and the lever. 




















(0) 








Fig. 3—Above—Unsatisfactory performance of coupling and mechanical 
Seal, a, resulted in the redesign at 6 to provide a mechanical drive connection 
between shaft and seal 


Fig. 4—Right—Valve with walking beam lever arrangement for follow-up 
system to control a wing flap is design for 20,000 cycle operation 
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During the course of testing, the 
original prototype of this cam 
showed a tendency to rotate and 
make contact with the side walls 
of the mounting bracket. This 
tendency was entirely removed in 
the redesign by adding a cylindri- 
cal spring guide which provided 
the contact between the spring and 
the lever. This change not only 
removed the tendency to bind, but 
also improved the protection to the 
spring and its associated mech- 
anism, thereby preventing damage 
from outside contamination. 
Another illustration of a “be- 
fore” and “after” design is shown 
in Fig. 3. The original design of 
this coupling and mechanical seal 
on an _ electric-driven hydraulic 
pump satisfactorily passed all per- 
formance and endurance tests. 
However, in the field O-ring seals 
began to show up with square sec- 
tions, and there was evidence of 
rotation on the inside diameter. It 
became apparent that the friction 
between the shaft, the O-ring, and 
the mechanical seal ID was becom- 
ing less than the friction between 
the rotating seal and its associ- 
ated seal plate. Therefore, it was 
necessary to provide a mechanical 
drive connection between the shaft 
and the seal and the seal was 
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pressure loaded so that inlet pres- 
sure conditions not originally 
specified but obtained in the field 
received adequate protection. One 
of the limiting factors on this re- 
design, which is usually the case 
with service repairs, is that the 
minimum of change can be made. 
Parts must be interchangeable, and 
there are no increased space allow- 
ances in which to provide a bet- 
ter design. Were these factors, 
pressure loading and positive driv- 
ing of the mechanical seal, con- 
sidered in the original design, there 
could have been adequate space 
taken to provide even a better and 
less expensive design. 


Development and Testing: Labo- 
ratory testing of hydraulic com- 
ponents is undertaken first of all 
to prove that the unit is satisfac- 
tory and will perform in the in- 
tended manner. In addition, quali- 
fication testing is done to prove 
that the unit will meet specifica- 
tion requirements. Seldom are 
these two test programs combined. 
Qualification tests invariably re- 
quire a long, extensive test pro- 
gram. The actual operating con- 
ditions should receive a close re- 
view, and wherever possible the 
unit should be tested in setups ap- 
proaching these conditions. 


Endurance Characteristics: Per- 
haps the most important test is 
concerned with the endurance of 





the unit. There should be much 
attention given to approaching the 
actual installation requirements. A 
20,000-cycle endurance test on a 
unit which receives 600 cycles per 
flight is of little value. Thus the 
number of cycles required should 
be considered, not from the view- 
point of a standardized specifica- 
tion rate, but from actual aircraft 
requirements. The test setup for 
the endurance test should also be 
similar to its installation. The 
valve shown in Fig. 4, with its 
walking beam lever arrangement, 
is used in a followup system to 
control a wing flap. This valve 
passed, with flying colors, an en- 
durance test wherein it was oper- 
ated manually full open in each di- 
rection 20,000 cycles. However, 
if it had been tested 20,000 cycles 
in a complete circuit, including a 
cylinder with followup linkage, the 
results would have more closely 
approached the actual field condi- 
tions wherein wear occurred on 
the seat due to the throttling ac- 
tion of the valve. Under actual 
conditions the valve barely opens. 

Another factor important to the 
endurance of the unit is the effect 
of impulse pressures. It has been 
found that impulse pressures are 
more severe as far as structural 
strength of hydraulic units is con- 
cerned than the burst test condi- 
tions. Fig. 5 shows the cap con- 
struction on a poppet type valve 
that was designed more than ade- 
quately for burst-pressure require- 
ments. The “after” portion of this 
illustration shows how the cap 


Fig. 5—Poppet valve cap construction a, had to be redesigned as at 5 to 
meet heavy surge pressure conditions 





(a) 








(b) 














had to be redesigned to pass the 
surge test conditions imposed. 
Surge tests should be conducted 
on units that are going to be sub- 
jected to surge-pressure condi- 
tions; however, this test should be 
applied with caution and not over- 
done. 


Extreme -Temperature Opera- 
tion: High and low temperature 
tests are routine for hydraulic 
components, and there again the 
actual installation conditions are 
not duplicated. If a valve is to set 
under pressure at —65 F and then 
is to be operated, its low tempera- 
ture test should be conducted with 
pressure applied to the valve, and 
not the low pressure applied per 
current requirements. Obviously, 
the objectives of the tests must be 
clear before the requirements are 
set forth. If concerned only with 
leakage at low temperature, then 
perhaps the best test pressure is 
around 5 psi. If concerned with 
potential binding, then the best 
test is with the pressure that pro- 
duces the greatest frictional forces. 
A detailed analysis is required of 
the actual low temperature condi- 
tions in order to even set forth a 
test requirement that is adequate. 
There is a growing tendency to- 
ward specifying dynamic require- 
ments at —65 F and requiring 
tests to prove these requirements. 

In high temperature tests the 
basic purpose is to test for any 
tendency to bind as a result of dif- 
ferential expansion of materials. 
It is also the intention to explore 
the possibility of packing blowout 
due to increased clearances. In 
the case of electric-actuated hy- 
draulic units wherein the perform- 
ance of the electric unit will vary 
greatly as the temperature is in- 
creased, the high temperature con- 
dition should be very clearly de- 
fined, and the utmost considera- 
tion given to the worst operating 
condition. For example, on 2 
solenoid valve the worst condi- 
tion is a test with minimum volt- 
age input for a solenoid that must 
overcome the maximum load, and 
with the test conducted after op- 
erating at maximum voltage for a 
period of time sufficient to cause 
a maximum rise in solenoid tem- 
perature. To meet this condition, 
a solenoid would have to be much 
heavier than most installations re- 
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@ The final and one of the most significant opera- 
tions in building Ajax Flexible Couplings is — 
ing the Ajax name and serial number permanently 
into every coupling. This Ajax signature and num- 
ber represents the talent, craftsmanship and experi- 
ence which are responsible for Ajax performance 
and economy. 


It is proof that Ajax has not only built hundreds 


Design engineers and 


maintenance men have 
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learned that it pays to protect direct connected 
machines with these top quality couplings. Every 
Ajax coupling is ent on our records by its indi- 
vidual serial number. Analysis show that thousands 
of users over a 33-year period have found that 
maintenance cost is zero. 

Furthermore, shut-down costs are cut to the irre- 
ducible minimum because of protection to bearings, 
armatures, impellers, and pot expensive working 
any to will realize the importance of a good coup- 
ing when you remember that all the horsepower 
goes through the coupling. Ajax knows couplings. 


. Ajax Rubber-Bronze 
F~” ~~ Bushed Flexible Coup- 
lings Standard for 33 Years 


Write for New Catalog No. 55 


aay 
—_” 


lings, but a reputation. 
WESTFIELD, N. Y. 
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Standard relays and timers 
match 4 out of 5 requirements 





STRUTHERS-DUNN, INC., 150 N. 13th St., PHILADELPHIA 7, PA. 


BALTIMORE + BOSTON * BUFFALO + CHARLOTTE * CHICAGO © CINCINNATI 
CLEVELAND + DALLAS * DETROIT +* KANSAS CITY + LOS ANGELES 
MINNEAPOLIS + MONTREAL * NEW ORLEANS * NEW YORK © PITTSBURGH 
SAN FRANCISCO «+ SEATTLE *© SYRACUSE * TORONTO 
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quire; nevertheless, if high tem- 
peratures are to be encountered, a 
test incorporating the appropriate 
voltage and load conditions com- 
mensurate with the high tempera- 
ture should be specified. 


Performance Requirements: Nor- 
mally, routine tests are set forth 
to measure the performance range 
of the unit involved. For valves 
these tests would include items 
such as pressure drop, operating 
pressure, voltage, handle load, 
leakage, and other miscellaneous 
tests, which are all set forth to 
evaluate or measure the capacity 
and functioning of the unit. This 
type of testing should also include 
extreme conditions. For example, 
the pressure-drop test should in- 
clude flows far beyond the rated 
capacity of the unit. If this is 
done as a routine practice, some 
assurance is provided against mis- 
application of the unit. A good 
example of the result of an over- 
flow condition occurred with a pop- 
pet valve. The poppet and spring 
were assembled and the valve was 
tested under normal conditions; no 
failure was reported. However, un- 
restricted pump flow of at least 
double the rated capacity produced 
the condition wherein the initial 
coils of the spring swelled up and 
went over the head of the poppet. 
Laboratory evaluation of this 
showed that six of eleven valves 
could fail this way when the in- 
let pressure was increased to 4000 
psi and a flow of double the rated 
capacity passed through the valve. 
It was further determined that in- 
troduction of air into the jumper 
line connecting the cylinder ports 
immediately before the test could 
produce the same failure in all 
cases. It is not advocated that all 
units be tested for more than 
double their rated flow; however, 
if the unit is going to be sub- 
jected to extremely high flows or 
have accumulators dumping their 
entire volume through a hydraulic 
unit, then the unit should be tested 
under these conditions. 


Production: Two distinct phases 
are usually involved in manufac- 
turing a product. The first is the 
fabrication of the component parts, 
and the second is the assembly and 






MACHINE DESIGN—September 1953 















Nearly five centuries ago 
Leonardo Da Vinci invented 
this aerial screw—a forerunner 


of the present-day helicopter. 





-+-an industry with imagination 


To serve this great industry there are many manufacturers 
with imagination and vision. Indiana Gear is such 
a company—a group of able craftsmen equipped 
with the best of tools and machines—producing 
the finest in precision parts. At I.G.W. we accept the 
challenge of this and all other precision industries. 
We will match their visionary design 
with creative production. 








indiana Gear fabricated this large steel ring 
gear for the main transmission of a recent 
model Sikorsky Helicopter without grinding 
and without heat treat distortion. Originally, 
the helical teeth on this gear were ground, but 


@ necessary power increase overloaded the . 
Part and it failed. +30 
itwas assumed to be impossible to success- a 
fully heat treat the unground teeth, but I.G.W. be 
Produced the part without distortion and the 4 


gear operated successfully. 


NDIANA GEAR WORKS, INC; «© INDIANAPOLIS 7, INDIAN 
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what does it 












cost to cure 


Ke 


coil-itis in your processing tank? 








The constant care it takes to keep tanks operating 
when they’re plagued with coil-itis is extremely costly. 
Downtime, and all the other maintenance time, 
slow heating and cooling ills of using old-fashioned 
pipe coils can be cured with Platecoils. 
As revolutionary as the new wonder drugs, Platecoils save as 
much as 50% in initial cost. They take 50% less space 
in the tank. They simplify maintenance and save 
hours of downtime. Compared to the hours it takes to 
clean and replace pipe coils, Platecoils can be cleaned 
and replaced in no time at all . . . without 
dumping the solution. 
It costs less to cure coil-itis with Platecoils than to 
suffer its evils. Write for bulletin P71 today! 


PLATECOILS SAVE 50% IN HEAT TRANSFER COSTS 


PLATECOILS COST 
LESS TO BUY, 
INSTALL, MAINTAIN 


In 











The Newcomb-Detroit Co., Grand Rapids 
Division, has found it is less costly to buy, 
install and maintain Platecoils than to 
fabricate pipe coils in their own plant. 
Ask about other case histories. 


BLATECOIL 


REPLACES PIPE COILS 


xt 


Coil-itis — Diagnosed 
as tank heating and 
cooling problems. 
Platecoils — the pre- 
scription for solving 
pipe coil problems. 


PLATECOIL DIVISION, TRANTER MANUFACTURING, inc., LANSING 4, MICHIGAN 
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Dur- 
ing the fabrication of the com- 


test of the completed unit. 


ponents close co-operation be- 
tween the design engineer and pro- 
duction should exist. An under- 
standing of the functioning of the 
unit is needed in order to produce 
parts that will make reliable units. 


| Rigid inspection of raw stock and 


fabricated parts is essential. Ade- 
quate test facilities and realistic 
important. 

From a paper entitled “Design 
and Development of Aircraft Hy- 
draulic Components for Increased 
Reliability” presented at the Na- 
tional Aeronautic Meeting of the 
SAE in New York, N. Y., April. 


— 1953. 





Stepping Stones to 
Engineering Achievement 


By Ellsworth A. Kehoe 
Administrative Engineer 
Rochester Products Div. 
General Motors Corp. 

Rochester, N. Y. 


"[ HERE is a trend during to- 

day’s shortage of engineers for 
recent graduates to short-cut the 
drafting and design room. Ex- 
pedient as this now may seem to 
industry, and opportunistic as it 
may look to the young engineer, 
by-passing this important career- 
development phase may be to the 
long-range detriment both of in- 
dustry and of young engineers as 
well. 

An engineering drawing is the 
graphic language by which de- 
signers and engineers convey to 
others their ideas and instructions 
for the making of tools and prod- 


ucts and the building of machines 


and structures. Unlike an artist’s 
pictorial representation of an ob- 
ject or structure, the engineering 
drawing does not always show the 
object or structure as it would ap- 
pear to the eye; consequently, this 
drawing can only be read and un- 
derstood by those trained in this 
graphical language. 

Because it is the basic method 
upon which all designing and sub- 
sequent manufacture is_ based. 
every engineer must know how to 
make and read engineering draw- 
ings. It certainly is not a lan- 
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ANC|HOR 


CLAMP-TYPE REUSABLE COUPLINGS 


— ideal for heavy-duty original-equipment service 
or emergency repairs in the field 


rr NEW! 
Specially designed clamping segments — impulses can’t shake them loose, » | (C7 REVOLUTIONARY 
yet coupling is reusable again and again. /— ANCHOR FLANCO 


Easy to apply — no special tools needed to assemble couplings and hose. ote L os Bhat ee E CLAMP 
ositive leakproof connection without 


Hose cover need not be stripped to apply coupling. threaded joints. Bolt centers are located 


to distribute the forces evenly and 
prevent tilting of the clamp halves. 


Neat Installation — made possible by compact design of the Anchor clamp : 
i . z asy to assemble with small 
and the use of streamlined Anchor adapter unions and related fittings. automotive-type wrench. 


For high or medium pressures—can be used with one- or two-wire braid hose. 


Saves Time — you don’t have to wait for repairs because you can make up 
your hose lengths as needed, Stocking problem minimized. 


Anchor Coupling Co. Inc. 
Dept. MD93,Libertyville, Illinois 
I'd like to know more cbout 
(0 Anchor clamp-type reusable couplings 
(0 New Anchor Flanco Split-flange clamp-type coupling. 
Send me detailed information. 


Get more details, Attach coupon to 
your letterhead and mail today. 


Title 





ANCHOR COUPLING CO. INC. > 


Main Office and Factory: LIBERTYVILLE, ILLINOIS 
FACTORY BRANCHES: DETROIT, MICHIGAN © DALLAS, TEXAS 
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in Process Clarifiers 

















Under varying sludge loads, rake arms of this Process 
Clarifier sweep the 100 ft. diameter settling basin at speeds 
most ideal for sewage and water treatment. Lineal velocity 
of 10 ft. per minute must not be exceeded. Centered in 
the drive mechanism, powered by a 3/4 hp motor, a 
Winsmith Differential Gear Speed Reducer rotates the 
rakes at a consistent 1/30 rpm. 

“The Winsmith unit was selected primarily for its high 











available reductions within a compact case . . . quiet opera- 
tion, reliability,” says Process Engineers, Inc. “Some of our 
installations . . . have been operating continuously over 





the last four years without shutdown for other than nor- 
mal maintenance.” 

Rugged dependability and compactness have led numer- 
ous manufacturers to think of Winsmith first when they 
first think of speed reducers. It’s the most complete, fully 
standardized line of worm, helical and differential units 
within the range of 1/100 to 85 hp. 

Request Catalog 148 for details. 












WINSMITH, INC. 


16 Elton St. 
Springville (Erie County), N. Y. 
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guage to be learned only by the 
comparatively few draftsmen who 
will be professional writers of it, 
but rather it must be thoroughly 
understood by all who are con- 
nected with technical industry. 

It is virtually impossible for the¢ 
engineer to be able to read with- 
out being able to write the lan- 
guage. It, also, must be a two- 
way street. There are those who 
believe that it is possible to read a 
drawing without being able to draw 
one. There are even some schools 
that offer courses in blueprint 
reading, presumably designed for 
mechanics. While these courses 
undoubtedly serve a useful pur- 
pose, and while it will be conceded 
that some people may be able to 
read a drawing without being able 
to draw one, it could well turn out 
to be a case of a little knowledge 
being a very dangerous thing. It 
is a situation in which no engineer 
can afford to place himself, since 
his is the responsibility for design 
and interpretation. To prepare 
himself for this responsibility, it 
would be desirable for the young 
engineer to enter industry by way 
of the drafting room. 


Personnel Classifications: A 
good drafting room should prob- 
ably be composed of four groups 
or classifications of people. One 
group may consist of men or wom- 
en who have had little or no for- 
mal training, but because of a par- 
ticular talent or liking for draft- 
ing have been brought in under 
some type of scheduled training 
program. Another group would 
consist of what may be called pro- 
fessional draftsmen. These are 
men who have chosen drafting as 
a profession and have prepared 
themselves for the profession at 
some technical school. These men 
are the backbone of the drafting 
room, the men upon whose should- 
ers rests the responsibility for put- 
ting into graphical language the 
ideas of the designer and the the- 
oretical and practical solutions of 
the engineer. The third group 
may consist of graduate engineers 
who, initially, are much better 
equipped theoretically and techni- 
cally than professional draftsmen, 
but would do the same type of 
work. It is this group, however. 
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KLIXON 
PROTECTORS 


Help keep the “heat on” in 
York-Shipley Boiler Units 


Modern in design, compact for space saving, the York-Shipley 
oil-fired, table-top boiler units provide plenty BTU’s for 
outstanding home and hot water heating. 





York-Shipley engineers specify and use motors with built-in 
Klixon Protectors to insure dependable, long-lived motor 
operation. 


Here’s what Mr. H. Leroy Mohn, project engineer, has to 
say about Klixon Protection: 


“We prefer Klixon built-in motor protection in our oil burner 
and circulating pump motors because we find they reliably pro« 
tect motors against unusual load conditions. Our experience with 
these protectors has been excellent.” 


You, too, can keep motors in your equipment operating, 
reduce service calls and repairs by specifying and using 
Klixon protected motors. The additional cost is low, pays 
for itself over and over by reducing motor burnouts. 
























KLIXON THERMO-SNAP 
TEMPERATURE CONTROLS 


Actuated by the snap-acting Spencer 
Disc, these controls open the circuit 
with a quick, clean break; close with 
a solid make. Their accurate operation 
withstands shock, vibration, motion 
and altitude. Used in military and 
commercial applications ranging from 
tanks, aircraft, sterilizers, radio and 
electronic equipment to household 
appliances. Available in many types 
and ratings including hermetically 
sealed units. 





SPENCER THERMOSTAT 
Division of Metals & Controls Corp. 
2509 FOREST ST., ATTLEBORO, MASS. 




























































You have to expect some erasures here and there on your 
drawings. But watch out! When those drawings get to the 
blueprint stage, lines can become weak and washed out... 

just ghosts of their former selves. 

That’s why Arkwright Tracing Cloth is preferred by so many 
architects, engineers and draftsmen. Arkwright is especially 
treated to take all the erasing you'll normally ever give it... 
and still provide good, clear blueprints. 

Arkwright supplies a perfect working surface . . . free of heavy 
threads, pinholes and other imperfections. And Arkwright 
defies old age, too. Edges never get 
ragged; drawings never turn 
yellow or brittle. They retain their 
transparency, year after year — giving 
you the permanency you want. 

Here’s a fair offer. At our expense, 
accept a free sample of Arkwright 
Tracing Cloth. Work with it. See if 
you don’t agree that Arkwright has 
well-earned the title “America’s 
Standard”. Arkwright Finishing Co., 
Industrial Trust Building, 
Providence, R. I. 


ARKWRIGHT 
Thacing eth 


AMERICA’S STANDARD /FOR 
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which may be expected to pro- 
duce the greatest percentage of 
the fourth group, the designers. By 
this it is not meant to imply that 
the design group is beyond the 
reach of the men in the first two 
groups or classifications. There 
are no barriers to initiative and 
the acquisition of knowledge, and 
if a man from either of these first 
two groups displays the qualifica- 
tions, he will most certainly be 
presented with the opportunity to 
become a designer. 

Finally, it would be the design 
group which would create future 
design engineers. These are the 
men who, from training and ex- 
perience, possess the knowledge 
and technique to develop the the- 
ory and tell others how to design 
the products of tomorrow. Because 
it is from here that all industry 
stems, it is the door to industry 
that offers the young graduate en- 
gineer the greatest opportunities 
for advancement. 

Not too many years ago, when 
his services were not in such great 
demand as they are today, this 
was often the engineering gradu- 
ate’s only open door to industry. 
More recently, with the great 
shortage of engineering talent, in- 
dustry has been forced to absorb 
young engineers into their organ- 
izations without this basic post- 
graduate training. While it is 
generally recognized that this pro- 
cedure is not a desirable one for 
either industry or the engineer, it 
has been the lesser of two evils. 
An extended continuation of this 
procedure, however, may result in 
industry being staffed with engi- 
neers lacking one of the basic tools 
of the profession. The situation is 
analogous to eliminating the in- 


Pd 


f 


AS” 


Senior designe: 
a. Senior layout man 
Designer 

Layout man 









Junior designer 
a Senior detailer 
Detailer 

Junior detailer trainee 


f 


Fig. 1—Typical promotion ladder 
for an unlimited engineering career 
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ternship from the requirements of 
the medical profession. While at 
first the engineering graduate may 
feel that he has eliminated a rath- 
er unimportant part of his train- 
ing and has immediately been 
placed in a position where he can 
use his talents to the best advan- 
tage, he may regret after a few 
years his lack of this basic tool. 
He may even have the unfortunate 
experience of seeing younger men 
so equipped steadily approach and 
surpass him in position and pres- 
tige. Therefore, it behooves both 
the engineering student and in- 
dustry to take a long hard look 
at this situation; both have much 
to gain. 

Theorizing upon and pointing out 
the disadvantages of shortcutting 
board work are desirable and nec- 
essary, but leave the situation 
none-the-less existent. To this 
end, most industries have institut- 
ed training programs of one sort 
of another in the hope that they 
will bridge this gap in the drafting 
room. Actually, these training 
programs and their administration 
have become one of the most im- 
portant responsibilities of manage- 
ment. 


Drafting Room Operations: Per- 
haps a good way to describe a typi- 
cal drafting room would be to out- 
line, in principle, how a trainee 
draftsman and then a professional 
draftsman would ultimately reach 
the status of a senior designer, a 
project engineer, or a position of 
higher level in engineering as 
shown in Fig. 1. It is assumed 
that the prospective trainee has 
had some training in mechanical 
drafting of high school level or 
higher, together with a genuine in- 
terest in this type of work. The 
training program as applied to the 
individual, of course, varies in de- 
tail depending upon the inherent 
ability of the traihee, his interest, 
the extent to which he applies him- 
Self to the acquisition of technical 
knowledge, his ability to work with 
others, and his personality char- 
acteristics, 

Initially, the program should 
start with training in the blueprint 
vault. This acquaints him with 
the sizes and use of tracings, the 
filing and record systems, blueprint 
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THE LITTLE 
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* THE HYDRAULIC 
BOOSTER 
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THE STANDARD 
LONG RANGE 900 SERIES 


PIERCE 


GOVERNORS 


preferred for gas (LGP), gasoline 
and diesel industrial engines... 





big, medium and small 


Pierce centrifugal governors are your most dependable and 
efficient control mechanisms for industrial engines . . . 

from small generator sets to monster power units . . . 

gas (LPG), gasoline or diesel. For engines requiring 

extra power to position fuel rack or valve, the Pierce 
centrifugal with hydraulic booster* (for original equipment 
only) is ideal! Pierce offers a ready solution to nfost 

engine governing problems . . . send fu!l details and 
specifications on your particular problem. 


; THE PIERCE GOVERNOR CO., INC. 


1608 OHIO AVENUE, ANDERSON, INDIANA 
"World’s Most Experienced 
Governor Manufacturer” 
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Full accessibility in a 


ALC. ! . 

small package. 
M A G N ET l c Contacts, coil and thermal ele- 
STARTERS ment replacement with use of 
screwdriver only. Magnet coil 


—in molded phenolic case 
with riveted terminals—is 
completely embedded in a 
rock-hard resinous material, 
thus protecting against oil, 
dirt, moisture and normal me- 
chanical damage. 


with Plasti-Clad 
Magnet Coil 
Write for 
Bulletin 605 





50% smaller — lighter. 


HERMETICALLY R-B-M 22204-0 meets AN 
SEALED 3304-1 specifications. R-B-M 
engineers have developed the 

RELAYS 22300-0 currently used in 

- government electronic, air- 

; borne and ground equipment 

Write for —as the electrical and mechan- 


ical equivalent of the AN 
3304-1, yet 50% smaller in 
size with “2 the weight. 


Bulletin ASR 
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22300-0 


s 

. 2-8 poles Non-Reversing 

> , 
IN DUSTRIAL: 2-5 poles Reversing. 
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e * 
with Plasti-Clad ° $ Contacts can be replaced with- 
Magnet Coil : e out removing wiring. To 
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i . 
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Write for > $ 10 and 15 amp. poles can be 
Bulletin 600 ° e changed from normally open 
‘ ° $ to normally closed by using 
° e screwdriver only. 
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e e 
: ° 
e 
GENERAL : $ Low cost. Small size. 
* Dependable perfor 
: : P mance. 
PURPOSE . Available in many contact 
RELAYS . ° arrangements. 
° > $ Whatever your needs for inex- 
Write for ° e pensive, dependable relays for 
Bulletin 570 . - commercial applications—in- 
: @ vestigate R-B-M General Pur- 
e > $ pose Relays. 


e e 
Other R-B-M products include: motor overload protectors, 
motor starting relays and low voltage DC electrical devices. 


Consult R-B-M On Your Control Problems — Write Department F-9 


= R-B-M DIVISIO 
ESSEX WIRE dane. 


°gansport, Indiana 
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operations and various tracing re- 
production equipment. These 
things are all very important to 
the overall engineering department 
function even though they may not 
be immediately apparent to the 
trainee. 

The second part of the program 
should include training in the en- 
gineering records department. 
Here is where he acquires a 
knowledge of the procedures and 
the necessity for new product re- 
leases, new drawing releases, 
change requests, change notices, 
methods of part number assign- 
ments for both experimental and 
production parts, and the distribu- 
tion of prints to various depart- 
ments. This phase of the work 
represents the business methods 
which are necessary to keep en- 
gineering records and to insure the 
prompt distribution of correct in- 
formation to the various manufac- 
turing and service departments of 


the company. 
Drafting Assignments 


At the conclusion of these two 
preparatory periods, the trainee is 
assigned a drawing board and is 
given the opportunity to express 
ideas and instructions in the form 
of the engineering drawing. To 
begin with, the trainee’s drawing 
assignments are strictly of an ele- 
mentary nature, and he is con- 
structively criticized by the check- 
er and the chief draftsman. 

As the trainee shows progress in 
his ability to make good elemen- 
tary drawings accurately and 
quickly, he is given detail draw- 
ing assignments. This type of as- 
signment involves progressively 
the drawing of simple and th« n 
complicated parts or groups ©! 
parts in assemblies. 

Proficiency in this type of work 
leads to drawing assignments in- 
volving small layouts, and the 
trainee may be classified at ths 
time as a junior layout man. ‘tt 
is at this time especially that he 
should be urged to acquire, either 
by himself or threugh formal train- 
ing in night or correspondence 
school, a working knowledge ©! 
descriptive geometry, mathematics, 
strength of materials, mechanics, 
fabrication of materials, manufac- 
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Simple 1-2-3 operation beats the 
five o'clock deadline 


At the Symington-Gould Corporation, Depew, 
N. Y., extensive revisions are made on drawings of 
railway specialty equipment... and prints are ready 
for mailing to customers—hours, even days, ahead 
of the old schedule. 


See how it’s done—all so easily—with Kodagraph 
Repro-Negative Paper . . . another versatile photo- 
graphic material in the famous Kodagraph line. 










































A basic drawing —which must be re- 
vised to meet the customer’s specifica- 


tions—is exposed on Repro-Negative The draftsman obliterates the unwanted 

Paper in a standard print-making ma- detail on the Kodagraph Repro-Negative pa ‘ me 

chine; then the print is processed in print by simply applying opaquing ink. A oo fe come al — " 

standard photographic solutions. An The way Symington-Gould figures it, a ian the cr, pa’ ° ads the | ane 

easy room light operation that produces when large areas must be revised . . . or ‘le : - a — Re ~ . d a 
) a negative photographic intermediate many small scattered changes must be _- ae th = cin ats oe 4 hag 

from the original drawing. made, this is easier, faster than altering P hah, natage iy oe gala 


Ready in a fraction of the time required 
previously when the unchanged design 
was retraced in full. 


a positive print. 


These Kodagraph Materials also save Symington-Gould time and dollars 


@ Kodagraph Autopositive Paper is used to reclaim @ Kodagraph Autopositive Cloth is used to reproduce 





old, soiled drawings; to produce intermediates from new pencil drawings directly, which helps elimi- 
| customer-drawings on opaque stock. nate costly ink tracing. 
@ Kodagraph Contact Cloth is used to reproduce NOTE: Kodagraph Autopositive Paper and Cloth are 
corrected negative prints when durable, inklike processed in the same easy manner as Repro-Negative 
cloth intermediates are desired. Paper, but produce positives directly from the originals. 


Kodagraph Watertals 


“THE BIG NEW PLUS” in engineering drawing reproduction. 


-------- MAIL COUPON FOR FREE BOOKLET -——-—-—-—-—--—-————- 
EASTMAN KODAK COMPANY 
Industrial Photographic Division, Rochester 4, New York 


Gentlemen: Please send me a free*copy of your illustrated booklet, 
“Modern Drawing and Document Reproduction.” 


Get the full story on the 
sensational Kodagraph 
line; learn how you, or your 
local blueprinter, can proc- 
ess these materials at sur- 
Prisingly low cost. Write 
today for a free copy of 
Modern Drawing and ampeny 
Document Reproduction.” Street 
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EVERY TIME 


FELT 


»y FELTERS 
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From oil seals and wicking to weatherstrip and noise 
dampeners, there is a grade of Felters Felt that can solve 
your specific engineering problem. 

For technical information about many of the usual 
and unusual jobs you can do with felt, write for a copy 
of the ‘‘Felters Design Book”’. It contains 
drawings, data and information to use when considering 
felt for any application. 


thee FELTERS 


Company 
218 South Street, Boston 11, Mass. 


<7, S po 
ee } Color, thickness and consistency of Felters Felt are almost as varied 
as your imagination can make them. For the unusual in Felt, call Felters. 
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turing methods, and machine and 
machine tool operations. This 
type of knowledge, whether it is 
applied to a product to be manu- 
factured, a tool, or a structure, 
makes the difference between an 
ordinary design and a good de- 
sign, and is a prerequisite to fur- 
ther advancement. If this knowl- 
edge is not acquired directly by 
academic study, it must be ac- 
quired by the slower method of 
mistakes and eventual corrections. 
At this point in the trainee’s ca- 
reer, his technical ability, his initi- 
ative, and his grasp of this meth- 
od of engineering expression be- 
come increasingly apparent to the 
chief draftsman, the project engi- 
neers, and, in some cases, to the 
chief engineer. As he develops 
and acquires experience, the 
trainee becomes ready to assume 
the responsibilities of a senior lay- 
out man. It is at this point that 
the scheduled training program 
usually ends and the trainee is con- 
sidered a professional draftsman. 


Designing the Product 


The senior layout man has a 
wide opportunity to express orig- 
inality and ability in design work, 
and the ultimate success of a 
manufactured product, a machine, 
or a structure is often determined 
on his drawing board. It is dur- 
ing this stage of his advancement 
that the draftsman becomes in- 
volved in engineering management 
within the drafting room. The de- 
gree of management varies, of 
course, with the individual. 

The senior layout man may be- 
come a group leader and be re- 
sponsible for the correctness and 
the application of the work of 
other men who are making detail 
drawings which form a part of an 
overall layout drawing. The senior 
layout man may become a checker, 
in which case he becomes respon- 
sible for the accuracy and ade- 
quacy of drawings to properly de- 
fine the intended results. The 
senior layout man may become 2 
junior and then a senior designer, 
in which case his talents may be 
used to collaborate with senior 
layout men and to work directly 
with the project engineers in start- 
ing new designs of products, or to 
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your HORSEPOWER sense! 


Do you know the H.P. 
needed for these products ? 








CHECK (16 bp. () Wa-hp. () e-hp. () Yo-p. 


Check! Practically all of today’s top-notch clothes dryers use one-third h.p. 
motors. But did you know that many clothes dryers are powered by Delco Motors? 
It’s true... manufacturers of home appliances count on Delco dependability. 














CHECK ( ) Wehp. () hp. () o-hp. ()34-hp. 


Yes . . . all the above horsepower ratings are in use on water pumps... . and 
Delco manufactures motors with each of these ratings. For use on rotary and 
reciprocating pumps. That's one reason why so many makers of pumps call on 
Delco for every motor need. 








CHECK ( ) Wehp. () 4-hp. () hp. () Yo-hp. 


You win again. The vast majority of disposal units sold today are powered by 
one-third h.p. motors. One-third h.p. Delco Motors, that is! Disposal unit makers 
know from experience how Delco Motors stand up on the job... provide 
satisfying, trouble-free service through the years. 


DELCO 


The best running mate 
your product can have! 


DELCO PRODUCTS 


i : Division of General Motors Corporation, Dayton, Ohio 
D SALES OFFICES: Atlanta + Chicago «+ Cincinnati +* Cleveland 


nl ll Dallas + Detroit + [artford + Philadelphia + St. Louis * San Francisco 
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A manufacturer’s reputation and that 
of his products are often determined 
by the performance of relays. Little 
wonder that more and more design 
engineers and manufacturers are 
specifying the “Diamond Seal for 
Diamond Quality” . . . Automatic 
Electric Manufacturing 
Company’s Relays. 


Unexcelled high standards of 
material and craftsmanship combine to 
produce superior relays that are built 
to exceed—not just meet—the 
most exacting specifications. Automatic 
Relays are available in a wide variety 
of spring and coil combinations 
.+. Operating potentials and contact 
ratings for an almost limitless 
variety of applications. 


OPEN AND SEALED TYPE RELAYS 


‘Whether your requirements demand 
plug-in tube base or any of the other 
standard type mountings,—or a 
specialized mounting—it will pay 
you to get complete facts on Automatic 
Relays with built -in reliability! 
Automatic midgets, dual purpose, 
delayed make or break, circuit control, 
current and potential Relays are 
built to exceed specs, military or 
industrial. If you measure quality by 
performance, Automatic Relays 
will measure up! 


The complete line of Automatic Relays are available to meet military 
specifications. The facilities of our engineering department are at your 
disposal. Write, wire or phone. All inquiries will receive prompt attention, 


Automates Lle “aw MFG. CO. 


64 STATE STREET - MANKATO, MINN. 
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create better and less costly meth- 
ods and better and less cost}y de- 
signs of existing products. “ 

The senior designer is the high- 
est classification available to the 
draftsman, but instead of thinking 
of it as such, he should think of 
it as the ending of one phase and 
the beginning of another more 
promising phase of his career. It 
is his open door to opportunity 
and advancement to higher posi- 
tions in engineering, manufactur- 
ing, inspection, sales or service, 
and eventually to management. 


Personal Outlook: Draftsmen 
and designers are an essential part 
of our everyday existence. Every 
road, bridge, structure, machine, 
engine, household appliance, piece 
of furniture, piece of clothing, and 
practically everything else made 
for the use or comfort of man 
has at some time felt the influence 
of the draftsman. Moreover, as 
the universe and the natural laws 
that govern it become better un- 
derstood, the man on the board 
becomes an ever more essential 
part of progress. Thus, any indi- 
vidual so engaged should view his 
personal efforts with pride in the 
realization that he is contributing 
his skill and services in a con- 
structive manner for the benefit 
and advancement of society. 

From an article entitled “The 
Men on the Boards” appearing in 
General Motors Engineering Jour- 
nal for June 1953. 


Printed Circuits for 
Electronic Assemblies 


By Norman A. Skow 


Director of Research 
Synthane Corp. 
Oaks, Pa. 


PRINTED circuit is a met#! 
reproduction of a conductor 
pattern which has been bonded to 
an insulating material. Serving 2s 
a conducting medium in electronic 
assemblies, such circuits replace to 
a large extent the internal maze of 
wires normally found in conver- 
tionally assembled equipment. 
Printed circuits have been 
achieved by plating metal patterns 


MACHINE DESIGN—September 1953 





























VM 


mh 


>. ¢ ¢- SS of @ bade 





n 

t 

y 

S 

d 

e 

n 

e 

s 

‘Ss 

l- 

d 

il 4 

- Just Push 
: Tube Into 
. Fitting 
; . Without 
it Removing Nut 
e The sleeve 

7 on Hi-Duty 


Fittings shears off 
during assembly and 
becomes permanently 
attached to tube. Fitting 

will make repeated tight 
reconnections, 


For Tubing 4%" to %” O.D. 
Ask for Bulletin No. 3002 





Average Time Required to Assemble Fittings 


Type of Average Time Joints 
Fitting Each Joint per Hour 
HI-DUTY 13.2 sac. 274 
l Regular 
r Compression 20.8 sec. 173 
9 Flare 45 sec. 80 
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on Installation Time 
and Cost 


with IMPERIAL 


Fi Durty” 
TUBE FITTINGS 


Furnished in Brass, 
Aluminum, Steel 
and Stainless Steel 





Compared to COMPRESSION FITTINGS 


Repeated, thorough tests under field conditions reveal that 
Imperial Hi-Duty Fittings can be assembled in an average 
time of 13.2 seconds . . . whereas regular compression type 
fittings take an average of 20.8 seconds. This is a 36% 
saving in time . . . and precious labor. 


Compared to FLARED FITTINGS 


Here the savings in time are even more striking since it 
takes 45 seconds on the average to install a flare fitting 
compared to 13.2 for Hi-Duty . . . a saving of 71% in time. 
A man can assemble better than 3 Hi-Duty Fittings in the 
time it takes to assemble 1 flare fitting. 


Why is the HI-DUTY FITTING so much Easier and Quicker 
to Assemble? 

Fitting furnished with integrated nut and sleeve 

To get a tight joint, simply insert tube into fitting and 
tighten nut. No loose sleeve to drop . . . no flaring re- 
quired. Makes repeated tight reconnections. 


MAKES STRONGER JOINTS 


Because sleeve is always in perfect alignment when joint 
is made and because its design minimizes deformation of 
tubing, Hi-Duty Fittings assure stronger joints that remain 
leakproof even under severe service. Tests show Hi-Duty 
joints will stand over 5 times as much vibration as joints 
made with ordinary compression or flare fittings. 


THE IMPERIAL BRASS MANUFACTURING COMPANY 


| IMPERIAL 


513 S. Racine Ave., Chicago 7, Ill. 
In Canada: 334 Lauder Ave., Toronto, Ontario 


Pioneers in Tube Fittings and Tube Working Tools 



















BELLOWS 


TUBES 


4 . = ks. * 
Hh : 


7% & 8% 


With years of experience in 

producing great quantities of boots, 

bellows and tubes, Acushnet has devel- 

oped rubber stocks with unusual properties 

that provide sustained flexibility at extremely high 

or low temperatures, and high resistance to fluids, greases 
and gases. 

Our precision-molded boots, bellows and tubes give enduring protection 
to moving parts by excluding dust, dirt, water, oil, etc. — or by retaining grease, 
oil, fuel — or by performing both functions at the same time over long periods of 
continuous flexing. These products are made on order to customer specifications 


— none are stocked. 
Send for your copy of the “Acushnet Rubber 
Handbook", a comprehensive rubber data 
source widely used in industry as a reference for 


PROCESS COMPANY 


molded rubber parts. 


—: 7 ; 
ae wee 


Address all communications tc 762 Belleville Ave., New Bedford, Mass. . 
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on plastic boards, by spraying met- 
al into depressions in a plastic 
plate, by bonding rigid wiring har- 
ness to a plastic base, by fusing 
silver ink patterns on ceramics, or 
by etching of metal-clad plastics. 
The latter method is currently 
gaining in popularity and seems 
to be admirably suited to the mass 
production assembly procedures in 
the electronics industry. 


Materials: The electrical proper- 
ties of printed circuits are largely 
determined by the base laminate, 
the meta] foil, and the adhesive 
used to bond the two. For most 
printed circuit applications, copper 
foil in a variety of thicknesses is 
bonded under heat and pressure to 
one or both sides of thermosetting 
laminated sheet stock of the de- 
sired grade and thickness. 

Numerous experiments have been 
made to determine the suitability 
of copper, aluminum, brass, and 
silver foils. Of these, copper has 
been the most widely used; how- 
ever, other metals are rapidly gain- 
ing in popularity. Silver and brass 
possess excellent current-carrying 
characteristics but suitable adhe- 
sives have not been developed 
which can produce a bond snffici- 
ently strong for most service con- 
ditions. On the other hand, alu- 
minum bonds well but poses a num- 
ber of problems in soldering tech- 
niques. A partial solution to the 
soldering difficulty has been ac- 
complished by using a thin layer 
of copper or tin alloyed to one sur- 
face of the aluminum foil. 

For printed circuit applications, 
electrolytically deposited copper 
foil is preferred over that produced 
by the rolling method. The foil is 
electrolytically deposited as a thin 
layer on a smooth, revolving lead 
drum and when it is stripped off 
one side is extremely smooth while 
the other side is relatively rough. 
This smooth side permits uniform- 
ity of etching while the rough side 
becomes an ideal surface for bond- 
ing. For use in printed circuits 


| quality control must be rather rigid. 


Foil thicknesses of 0.00135 and 
0.0027-inch are most commonly 
used. 

The most satisfactory printed 
circuit dielectrics or insulating m2- 
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Give Your 
Ejection Problems 
the Air 


...and boost 
‘production and safety 




















End slow, dangerous hand removal of work with a 
Schrader Air Ejection Set. Install Schrader Air Ejection 
Sets on your power presses—or any machines with moving 
parts to actuate a cam or sliding tripper. You'll find produc- 
tion soars—up to 100% ... operator safety is boosted 50%, 
Replace hand removal with Schrader Air Ejection and 
watch your presses take a new lease on life. 


(2) Replace wasteful, homemade steady air blasts with 
Schrader Air Ejection Sets. Air costs drop as much as 90% 
because Schrader Air Ejection Sets ration out just enough 
air to do the job...synchronize your air blast with demand. 
Before you decide your old compressors have reached full 
capacity, check with Schrader to see how to cut air wee 


Schrader Air Ejection Sets are delivered fully assembled and 
ready to go to work. Their low cost is more than repaid in 
just a few weeks. 

See how Schrader Air Ejection Sets will help you plan 
more effective use of machines. Write, describing the ma- 
chines on which their use is contemplated—or fill out the 
coupon below. 











products 





REG. U.S, PAT, OFF. 








Air Cylinders © Operating Valves ® 
Press & Shear Controls * Air Ejection 
Sets * Blow Guns © Air Line Couplers * 
Air Hose & Fittings * Hose Reels * Pres- 
sure Regulators & Oilers * Air Strainers 
* Hydraulic Gauges * Uniflare Tube 
Fittings 










control the air 


A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 


476 Vanderbilt Avenue, Brooklyn 38, N. Y., Dept. V-2 


1 am interested in more information On.........--esececeeseeseessececeseeees ae 
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Leave jigsaw puzzles to the kids- 


Don’t waste valuable manpower on 
“jigsaw” assembly jobs! 


Many time consuming fabrica- 
tions can be cast as a single unit 
—more economically, and with 
better appearance, by Sacks- 
Barlow and Newark Malleable. 
We'll be glad to go over all of 


your parts and help you elimi- 
nate costly “jigsaw” operations. 
You’re sure to make worthwhile 
savings in production costs with 
our gray, malleable and ductile 
iron castings. 








THIS IS A WASTEFUL 
“JIGSAW” FABRICATION 
3 different small parts 
welded together ... 





AND THIS is the 
same part cast in a single 
unit... fora 
production saving of 22%! 





= 





e_ 


SACKS-BARLOW 


FOUNDRIES, INC. 
NEWARK MALLEABLE IRON WORKS 
357 Wilson Avenue, Newark, N. J. 


Resident Representatives in 
New York, Philadelphia, Boston, Baltimore and Bridgeport, Conn, 
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terials developed thus far are the 
thermosetting laminated plastics. 
Any of the 20 standard grades of 
thermosetting laminated products 
described in the National Electri- 
cal Manufacturer’s Association 
Standards for Laminated Thermo- 
setting Products (Publication No. 
LP1-1951) will produce a satis- 
factory bond with copper. The 
most satisfactory insulating or di- 
electric material in general use to- 
day is NEMA Grade XXXP. The 
ensuing chemical reaction trans- 
forms the layers into a hard, dense 
solid which will not delaminate and 
cannot be resoftened by the appli- 
cation of heat. Even in thin 
sheets, XXXP grade combines ex- 
cellent electrical properties with 
the good machinability so neces- 


| sary for punching operations. 


Laminates other than phenolics, 
such as melamine and silicone may 


| g@lso be used. Melamine resins are 
| used where arc resistance is an im- 
| portant factor, and silicone resins 
| are used when heat resistance is 
| required. 


Bonding: A great number of pro- 
prietory compounds are available 
for bonding metal foils to base lam- 
inates. These compounds include 
phenolic, melamine, urea, and viny! 
resins. Adequate bonding, how- 
ever, is a formidable problem. The 
proper adhesive must be sufficient- 
ly strong, must possess good heat 
resistance to permit soldering with- 
out blistering, must be resistant 
to shock and moisture, and must at 
least match the laminate in elec- 
trical properties. Thermoplastic 
adhesives are characterized by 
their susceptibility to blistering 
during soldering operations and 
also have too much eold flow un- 
der normal operating conditions. 
On the other hand, common ther- 
mosetting adhesives do not possess 
the required shock resistance and 
do not bond the copper foil as we:! 
as desired. This problem has bee” 
solved by developing specially for- 
mulated mixtures of both thermo- 
setting and thermoplastic resins. 

The actual mechanics of bonding 
foil to a laminate may be accomp- 
lished by one of two methods. 
Class 1 copper-clad laminate is pro- 


| duced from a predetermined num- 
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SHAFT-KING Mounted on Shaft and 
Connected To Motor by Primary 
Wedgbelt Drive 


Cut-Awoy View of SHAFT-KING, a 20 to] Ratio Shaft-Mounted Speed Reducer. 


Eight Reasons why SHAFT-KING Is Your 


Best Buy For Power At The Speed You Need: 
1. Durable: Rigid housing, flame-hardened alloy-steel 
gearing, anti-friction bearings, extra oil capacity—for 
long, trouble-free life. 

2. Efficient: Helical gearing, exclusive anti-friction oil- 
sealing system—for maximum efficiency —indefinitely. 
3. Patented Concentric-Shaft Design: Puts shaft seals 
well above highest oil level—provides instantaneous 
overload protection when equipped with Torque-Arm 
Overload Release. 

4. Leakproof: Anti-friction oil sealing system keeps air 
in—dirt out. 


At the PROFIT End of the Machine | 


Waar products: 
ig-Tite Sheaves 
Wedgbelts © Ad- 
stable-Speed 
Wes © Backstops 
-O-MaticMotor 
* Steel Con- 
veyor Pulleys e Hi- 
Motor Puyl- 
leys® Solid and Split 
Shett Collars . Ae 
Pulleys 


POWER TRANSMISSION BY 


MERICAN 


PULLEY COMPANY 
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5. Patented tapered bushing adapts the SHAFT-KING 
to the driven machine shaft. Only standard shaft 
extensions are needed. 

6. Housing is smooth, compact: Unit is shaft-mounted 
—requires no bulky foundations or supports. 

7. Quick, Easy Speed Changes: To change speed simply 
change motor sheave of primary drive—or use American 
Adjustable-Speed Sheaves. 

8. Readily Available: All components of American 
SHAFT-KING Reduction Drives are stock items— 
everywhere. 


Write for a free copy of the new 
SHAFT-KING Catalog now. 


4236 Wissahickon Ave., Philadelphia 29, Pennsylvania 


Gentlemen: 
[] We would like help on a slow speed drive problem. 
( Send my copy of the New SHAFT-KING Catalog. 


Name 
Firm name 












































uesanon aStings 
ate at work 


AKING penicillin and other antibiotics requires carefully engineered 
M equipment. From this assortment of vats and filters, piping and 
valves come “wonder drugs” that lengthen your life span. 

E. R. Squibb & Sons Laboratories at New Brunswick, New Jersey, 
make these vital antibiotics. Here Squibb uses special automatic process 
control equipment made by the Fischer & Porter Company that includes 
many Lebanon CIRCLE (= castings. To maintain the “Reliability, Uni- 
formity, Purity and Efficacy” of these Squibb products, each CIRCLE 
casting must be thoroughly sound and unaffected by the concentrated 
caustic and sulphuric acids present in the manufacturing process. 

In difficult services, services where perfection in material and work- 
manship are demanded, Lebanon CIRCLE (&H castings have established 
remarkable records. 

You should see—STEEL WITH A THOUSAND QUALITIES—37-min. 
16 mm, full-color souxd film on the making of steel castings. For informa- 
tion write: Dept. G, Lebanon Steel Foundry. 


ff. * 
LEBANON ASTINSS 


AND STAINLESS STEEL 
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ber of resin-impregnated sheets to 
which is added a thin, dry sheet 
of adhesive film followed by a sheet 
of copper foil. The entire build-up 
is then subjected to heat (approx- 
imately 320 F) and high pressure 
(approximately 1000 psi) for about 
one hour. If desired, the adhesive 
film and foil may be added to both 
sides of the build-up. 

The more expensive Class 2 cop- 
per-clad laminate is designed to 
meet closer thickness tolerances 
than Class 1 material. It is pro- 
duced by sanding a finished, cured 
sheet of laminate to the desired 
thickness, after which the adhesive 
and copper foil are added. It is 
then returned to the press for a 
second application of heat and 
pressure. 

After bonding, copper-clad sheets 
are usually sprayed with a strip- 
pable plastic film for protection 
against scratching, oxidation and 
scarring. 


Properties of Copper - Clad 
Sheets: The principal requirements 
for finished sheets of foil-clad lam- 
inated materials are their ability to 
resist peeling, heat, and moisture. 
Other important considerations are 
that the copper surface be substan- 
tially free of wrinkles, pits, nodules, 
scratches, pin holes, and oxidized 
areas. It must be uniformly thick 
otherwise it would be impossible to 
etch fine lines. The copper must 
be relatively soft in order to retain 
proper punching characteristics. 

The adhesive layer must possess 
good electrical properties and be 
resistant to moisture. When bond- 
ed it becomes an integral part of 
the sheet of dielectric and must 
match the selected grade of lam- 
inate in NEMA characteristics. 

A quality control check on the 
laminate is made to determine the 
water resistance and dissipation 
factor at one megacycle after im- 
mersion in water for 24 hours at 
room temperature. These tests are 
made according to procedures des- 
ignated by American Society for 
Testing Materials. 

Bond strength varies with the 
thickness of the copper. For cop- 
per 0.00135-inch in thickness the 
bond varies from 3 to 5 pounds. 
For copper 0.0027-inch in thick- 
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ness the bond varies from 4 to 6 
pounds. 


Assembly: Methods of assembly 
of printed circuits into finished 
electronic or electrical devices are 
as varied as the applications. The 
most obvious method is to simply 
punch or drill holes through the 
conductor and the laminate, insert- 
ing leads of standard components 
into the holes and soldering the 
leads to the conductors. Compli- 
cated circuitry is normally laid out 
on both sides of the piece to pro- 
vide for crossovers. Connections 
between conductors on opposite 
sides may be made by component 
leads, tinned eyelets; rivets, pins, 
or simply short lengths of wire. 
With the proper laminate, com- 
ponents can be unsoldered and re- 
soldered several times before foil 
shows a tendency to lift from the 
base. 

Dip soldering has proven prac- 
tical as an assembly technique for 
smaller units. With all of the cir- 
cuitry placed on one side of the di- 
electric, holes about 0.040 to 0.045- 
in. in diameter are punched or 
drilled to take the leads of resis- 
tors, capacitors, subminiature 
tubes, etc. All of the components 
are placed in position on the oppo- 
site side of the piece from the 
etched pattern, with their tinned 
leads inserted through the holes. 
Usually the conductors are fluxed 
prior to this operation with a non- 
corrosive resin-type flux. All the 
necessary connections are then 
made between the components and 
the conductors by a single short 
dip in a molten solder bath. After 
dipping, excess lengths of the pro- 
truding leads are trimmed off. 


Production Economy: Printed 
circuits are practical principally be- 
cause of their simplicity and uni- 
formity. They are particularly 
adaptable to complex commutators 
and switching networks where sub- 
miniaturization is required. Elim- 
ination of manual wiring speeds as- 
sembly and inspection time is auto- 
matically shortened while assem- 
blies become more uniform and re- 
liable. 

From a paper entitled “Metal- 
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cut with the 


MICROTOME 


which uses 


11 HITCHINER 


precision investment 


CASTINGS 





International Equipment Co., 
Boston, Mass., manufactures the 
Microtome shown and other pre- 
cision instruments. For the 
Microtome, they chose Hitchiner 
precision investment stainless 
steel castings because they could 
get extremely accurate parts with 
a minimum of machining. These 
castings also lend themselves to 
the very high, bright, smooth fin- 
ish necessary on instruments of 
this quality. 


Whatever your requirements may 
be in small castings, we will be 
happy to have you utilize our 
facilities and experience in solv- 
ing your parts problems. Quota- 
tions furnished promptly on re- 
ceipt of your prints. 


Be Sure To See Us 
At Space 2422, The 
National Metal Show 


HITCHINER Manufacturing Company, Inc. 
MILFORD 8, NEW HAMPSHIRE 


Representatives in principal cities. 




















































ARBON 
GRAPHIT 


SPECIALTI 


Get this helpful booklet! In addition to de- 
tails on Stackpole products, this 44-page 
Booklet 40A includes helpful engineering 
discussions on the an ipa and electrical 


—- of carbon and graphite. Copy sent 
ree on letterhead request. 


GRAPHITE TUBE CHEMICAL CARBON 
ANODES and GRAPHITE 


BATTERY CARBONS (Plain or Treated) 


CARBON RODS FOR 
GROUND RODS SALT BATH RECTIFICATION 
NON-WELDING 


ELECTRICAL CONTACTS TROLLEY SHOES 
VOLTAGE REGULATOR SEAL RINGS 


DISCS (carbon piles) 

FRICTION SEGMENTS 
WATER HEATER and 
PASTEURIZATION CLUTCH RINGS 


ELECTRODES 
BRAZING FURNACE BOATS 


BEARINGS 
ELECTRIC FURNACE 
WELDING RODS HEATING ELEMENTS 


WELDING PLATES 
and PASTE MOLDS and DIES 


@ RESISTANCE WELDING CONTINUOUS 
and BRAZING TIPS CASTING DIES 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


EVERYTHING IN CARBON BUT DIAMONDS 
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Clad Laminates Used in Printed 
Circuitry” presented at the Spring 
Meeting of the ASME in Columbus, 
O., April 1953. 


Improving Gear Design 
with Shot Peening 


By John C. Straub 


: Chief Research Engineer 
American Wheelabrator & Equipment Corp. 
Mishawaka, Ind. 


HOT PEENING is a process 
which might well be considered 
in the design of any machine part 
which is required to carry high 
loads with a minimum size or 
weight of the overall unit. Briefly, 
it is a process utilizing the impact 
of metallic shot for the purpose of 
setting up a layer of compressive 
stress in the surface of a metal 
part. This compressive stress: in 
the surface is very effective in in- 
creasing the fatigue strength of 
that part. 

The type of machine parts to 
which shot peening is applied in 
production for increasing life or 
load carrying capacity extend all 
the way from small springs to loco- 
motive bull gears, and include al- 
most every conceivable type of 
spring; axle shafts, torsion bars, 
propeller shafts, crank shafts; con- 
necting rods and other engine 
parts; chain links, universal joints; 
spur, helical, and bevel gears; 
steering knuckles and almost every 
type of part in which fatigue fail- 
ure is recognized to be a problem. 
Materials peened include steel of 
various hardnesses, iron, aluminum 
and its alloys, brass, bronze and 
magnesium. 

There are many instances in 
which gears of various types are 
peened in regular production. Prac 
tically all of the major automobile 
manufacturers use shot peening for 
gears and other machine parts. The 
aircraft industry also uses the proc- 
ess quite extensively in the manu- 
facture of parts and components. 

There are a large number of ap- 
plications in which the addition of 
shot peening to a given design has 
permitted the successful continu- 
ance of that design in production, 


MACHINE DEsIGN—September 1953 



















mwa eorzel( ‘i lilO8!]llhOmChlUlCr OC TOOlCUlC Ohl 


mre ’ -_ om ty 


' — "ss L al al 


We 




















Check JOHNSON 


a Aetter CLUTCH 


for the same money 


e oe 
BECAUSE... 
it's the only clutch 
J with SEPARATOR 

_ SPRINGS that prevent 
heating in both HORI- 
ZONTAL and VERTI- 
CAL installations. 









For some time there has been a de- : . { 
mand for a single disc clutch for pos- 
itive control of power transmission 
in the field of light machinery . . . a clutch that would stay cool on 


the job in both horizontal and vertical installations. This is “‘it. 


9? 


If extreme compactness is not an essential, the Johnson No. 350 
(3 h.p. max.) and No. 450 (6 h.p. max.) will meet or beat com- 
petition...as a better clutch at a competitive price. They incorpo- 
rate most of the design principles of our Maxitorq multiple disc 
...and except for compactness and capacity, you will find them 
tops in their field. (Please read column at right...“Frankly Speak- 
ing”... for use recommendations.) 


Several driving combinations are available, including V-belt. A 
simple hex key frees the knurled ring for easy manual adjustment. 
The “floating” disc prevents drag, abrasion, and heating in neutral. 
Machine and product designers will solve many problems in the 
light machinery field with this new Johnson single disc Clutch. 


Send for Bulletin No. 250-MD-9 


THE CARLYLE JOHNSON MACHINE CO. 
MANCHESTER..... CONNECTICUT 


















a= _ 
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Advertisement 


A 


7 


SPEAKING 


Because of a large backlog of orders, The 
Carlyle Johnson Machine Company found 
it necessary to postpone the announcement 
of the new Johnson Single Disc Clutches. 

Now, with added equipment for high 
speed production, it is possible to produce 
and ship the new clutches without undue 
delay. In fact, small orders or units for try- 
out in new machines will be forwarded at 
once. Design features make the Johnson 
especially suitable for installation in the 
following machinery: 

Accessory Drives, Air Compressors, Bag 
Making, Boat Drives, Bread Wrapping, 
Chain Drives, Combines (farm), Convey- 
ors, Crop Seeders, Cultivators, Dusting Ma- 
chines, Feed Grinders, Floor Scrubbing, 
Fruit Cleaners, Gasoline Engines, Genera- 
tor Drives, Hay Balers, Hoists, Loaders, 
Lawn Mowers, Milk Coolers, Mixing Ma- 
chines, Motor Scooters, Packaging Machines, 
Paper Shredders, Power Fans, Power Saws, 
Power Take-offs, Pumping Equipment, 
Sand Spreaders, Sewing Machines, Sheep 
Shearers, Spraying Equipment, Textile Ma- 
chinery, Threshers (small) , Tobacco Ma- 
chinery, Tool Grinders, Tractors (garden), 
V-Belt Drives, Vegetable Sorters. 

Naturally, these are but a few of the pos- 
sible applications for the Johnson Single 
Disc Clutch. The field is wide open, with 
new machinery constantly being developed. 

Included in the driving combinations are: 
Gear Tooth, Bolted Plate, Pulley Type, Hub 
Adapter, Cut-off Coupling Adapter, Single 
V-Belt Pulley Drive, and Double V-Belt 
Pulley Drive. 

Carlyle Johnson engineers offer their engi- 
neering assistance in cooperation with your 
engineers and machine designers to develop 
the correct solution of your power transmis- 
sion requirements. Write to Frank R. Simon, 
The Carlyle Johnson Machine Co., Man- 
chester, Conn. 
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when a 
shim is 








here are the 


advantages you get: 


cor 


{- 


ex ~ REDUCED MACHINING COST: 


<> You machine only to easy 


“=~ tolerances. The laminated 
shim is adjustable—you simply peel 
laminations of .002 inch brass or steel 
with a penknife—to get exactly the 
spacing you need. You cut costs with- 
out sacrificing quality. 


= SPEEDED PRODUCTION: 


Final fitting can be done 
right at the job. You don’t 





have to take parts back and forth for 
further machining, grinding or filing. 
No special skill required. The lamina- 
tions adjust spacing quickly, 


easily. 










SEND TODAY for our Engineering Data File 








Shims stamped from 
LAMINUM® look like solid 
metal but actually are 
made up of layers 

of .002 or .003 inch 
brass or steel. The 
laminations are solidly 
bonded together, 
over their entire 
surfaces. 














SIMPLIFIED USE: 


Shims come to you in one 
“pack” for each applica- 
tion. They are precision-stamped to 
your exact specifications. No count- 
ing, no stacking, no miking. Gauge is 
always known. No dirt or grit can 
lodge between layers. 








_ ADDED SERVICE FEATURE: 


Jae Throughout the life of the 
(= —machines you produce, 
the simple removal of a shim lamina- 
tion provides a unique adjustment for 
the take-up of wear. Original clear- 
ances can always be restored. 




















1209 UNION STREET °* 





GLENBROOK, CONNECTICUT 
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in spite of greatly increased load 
carrying requirements. This seems 
to clearly illustrate the adaptability 


| of the same process for use in the 
| original design of machine parts in 
which the advantage of increased 
| fatigue strength can be realized. 


Fatigue Strength: When shot 
peening is considered in the de- 
sign of a pair of gears, one of the 
first questions which arise is “How 
much increase in the allowable 
bending stress can be obtained by 
the process?” This is not a con- 
stant value, but depends upon the 
order of magnitude of the working 
stresses involved. Or, to put it an- 
other way, it will depend upon the 
required useful life of the gears at 
maximum load. Shot peening is 
not effective in increasing the static 
strength of the material, but be- 
comes increasingly effective as the 
required useful life is increased. At 
a life of 100,000 cycles, the increase 
in allowable stress due to peening 
is about 10 per cent over a non- 
peened gear. However, at a re- 
quired life of 1,000,000 cycles, the 
increase in allowable stress is a 
little more than 25 per cent. At a 
required life of 10 million cycles, 
the increase in allowable stress is 
close to 50 per cent. 

It should be emphasized that 
the figures just quoted represent 
the increase in allowable stress for 
a given life as distinguished from 
increase in life at a given stress. 
The increase in life at a given 
stress is much greater. For ex- 
ample at a stress of 80,000 pounds 
per square inch the increase in 
average life resulting from shot 
peening is approximately 1000 per 
cent. 





Weight Reduction: In gears 
which are subject to fatigue failure 
due to bending stress, the maximu™ 
stresses are located at the toot! 
fillets. It might appear that t! e 
possibilities of reducing weight »Y 
shot peening are meager. This i5 
not necessarily the case. For gea's 
of similar geometry, the maximu™ 
bending stress in the tooth fillet 
will vary inversely by approx'- 
mately the cube of the pitch diar a 
eter, or the cube of the center dis- 
tance. A decrease in center dis- 
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*REO DESIGN ENGINEERS SAID... 








shit 


Reo Motors, Lansing, 
Mich., have again 
specified STRESSPROOF 


—this time for the pow- 
er shaft on their new 
rotary lawn mower. 


Reo engineers needed top performance from this 
new drive shaft . . . so they insisted on STRESS- 
PROOF ! They knew from years of successful experi- 
ence with STRESSPROOF that it could take abuse. 
It had both the strength and wearability to stand up 
under the toughest service—and its excellent machin- 
ability was most welcome from a cost standpoint. 

The alternative to STRESSPROOF would have 
been a heat-treated part, with the attendant cleaning, 
straightening, and machining problems. 

Only STRESSPROOF gives you a unique combina- 





SPAN DU) 


@ SEVERELY COLD-WORKED, FURNACE-TREATED 


L.@ 


Manufacturers of the Most Complete 
Line of Carbon and Alloy Cold-Finished 
and Ground and Polished Steel Bars in America. 





STEEL BARS 








Another 
Reo Lawn Mower 


tion of four qualities in-the-bar : Strength, Wearability, 
Machinability, and Minimum Warpage. Yet it costs 
less than the other quality cold-finished steel bars. 
STRESSPROOF makes a better part at lower cost ! 
It is available in cold-drawn or ground and 


polished finish. 


SEND FOR... 
Free Engineering Bulletin 
“New Economies in the Use 
of Steel Bars” 







La Salle Steel Co. 
1426 150th Street 
Hammond, Indiana 


Please send me your STRESSPROOF Bulletin. 
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these LITTLE DIFFERENCES mean 
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BIG ADVANTAGES 
when you specify 


, . 
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#1. Some manufacturers assign only one operator 
to as many as ten looms. But here at Cambridge, we 
have a specially trained operator for every single 
loom in the plant. Just a little difference . . . but a 
BIG advantage in accurate mesh count and constant 
screen width. 


#2. Some wire cloth producers can work in only a 
certain few metals or in a limited range of mesh 
sizes. Here at Cambridge we can weave cloth from 
any metal that can be drawn into wire...our range of 
sizes runs from 20 x 250 mesh up to 4 inch openings 
..-a BIG advantage for customers with varied needs. 


#3. Some manufacturers are not equipped to fabri- 
cate wire cloth into special forms, for example, filter 
leaves. But here at Cambridge, we can supply wire 
cloth in bulk or in practically any type of fabricated 
part ...aBIG advantage that saves you time and 
money by providing one source for both weaving 
and fabrication. 





These are just a few reasons why it will pay you to investigate 
Cambridge for your wire cloth needs. Call in your Cambridge 
Field Engineer to get the full story . . . and he’ll gladly quote 
on your next order. Write direct or look under “Wire Cloth” 
in your classified telephone book. 

FREE CATALOG! Gives full range of mesh sizes and types of 


cloth available from Cambridge, also valuable 
metallurgical data. Write for your copy today. 


The Cambridge Wire Cloth Co. 


Department N 










+ METAL }1 SPECIAL 
+ CONVEYOR+—+—+ METAL Cambridge 9, 
BELTS +-7+—+FABRICATIONS Maryland 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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tance, of course, means that the 
size of the entire housing can be 
decreased in proportion. 

The weight of a spur or helical 
transmission will vary by approxi- 
mately the cube of the center dis- 
tance, other conditions being con- 
stant. This means that, in cases 
where bending strength is the con- 
trolling factor, if the allowable 
bending stress is increased, the 
weight of the unit can be reduced 
in the same proportion. 


Scoring: The fact that shot peen- 
ing is most commonly used as a 
means of increasing fatigue 
strength in bending or torsion does 
not mean that the process should 
be ignored in a gear design which 
may be subject to scoring. Data 
available indicate that shot peen- 
ing has little direct influence on 
scoring or pitting. However, when 
the overall design of a pair of gears 
is considered, it will be recognized 
that bending strength sometimes 
conflicts with scoring resistance. 
For example, a coarse pitch is 
favorable for bending strength be- 
cause of the greater thickness at 
the root of the tooth. However, due 
to the greater tooth height neces- 
sary for adequate tooth contact 
ratio, assuming the same pressure 
angle, tooth action will take place 
closer to the base circle, with 4 
consequent decrease in the radius 
of curvature. This results in a 
higher compressive stress both at 
the beginning or end of action, and 
at the highest point of single tooth 
contact. Also, as a result of the 
greater tooth height as well - 
greater normal pitch, the sliding 
velocity will be greater with a 
coarse pitch than with a fine pitch. 

This leads to the conclusion that 
although a coarse pitch is favor- 
able for bending strength, a fine 
pitch is favorable for scoring re- 
sistance. But if shot peening is con- 
sidered in the design of the gears, 
it can be employed to permit the 
use of a finer pitch for greater 
scoring resistance by providing the 
necessary increase in bending 
strength. Carrying this concept 
somewhat further, shot peening 
may be used to accomplish a de- 
crease in size of the gears, even 
though the application may be 
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more and more appliance makers choose 


PACKARD 
ELECTRIC 
MOTORS 


the space, provide correct starting 


and operating torques, and have the 
construction for long service. 


Second: Packard Electric motors are so 
dependable they help keep customers satig- 
fied, help reduce complaints and servicing, 
and actually help increase product sales. 


Third: Manufacturers get these specially 
engineered motors at low cost . . . due to 
Packard Electric’s tremendous facilities 

for volume production. 


So, if you have any motor problem, call 


on Packard Electric. Let Packard’s 


engineers show you how you can gain 
with Packard Electric motors. 










MOTORS 








GET THE FACTS... see why 





BLOWERS e OIL BURNERS - COMPRESSORS + WATER PUMPS + BENCH TOOLS 


DEPENDABLE APPLIANCE MOTORS FOR THIRTY-SIX YEARS 


Packard Electric Division 


General Motors Corporation 








Warren, Ohio 





REG. U.S. PAT OFF 
TRADE MARK 




















TELEFLEX 







Unlimited Rotary Motion— Meshing of 
Teleflex screw-type Cable with specially 
hobbed gears housed in Teleflex Control 
Boxes permits unlimited shaft rotation. 








Efficiency—The unique construction of 
Teleflex Cable provides control systems 
that operate efficiently in both tension 
and compression. 













Minimum Lost Motion—Close toler- 
ances held between Teleflex Conduit and 
the Cable reduce snaking of the cable 
within the conduit. 


Flexibility—Telefiex conduit and cable 
can be routed around obstructions and 
through areas where space is limited. 


Ease Of Installation—Telefiex Controls 
are assembled on-the-job from standard 
Teleflex parts. Prefabricated controls are 
available for short run controls. 
















Engineering data for calculating operat- 
ing loads and backlash is available upon 
request. 


Write now for our latest brochure 302D 


TELEFLEX INCORPORATED 


125 So. Main Street No. Wales, Pa. 


Pee eee 



















MECHANICAL REMOTE CONTROLS 


































BUILT TO FIT YOUR JOB! 


With over 600 standard models and many more special units, from which 
to choose you are assured of a Viking rotary pump built to fit YOUR job. 


All are constructed in the time-proved, most-copied of all rotary pump 
designs—the original Viking “gear-within-a-gear” principle. 












This is the principle that assures fast, self priming; smooth even dis- 
charge; quick, easy mounting; low power requirements; adaptation for 
either light, volatile liquids or heavy, vis- 

cous liquids. 














Send your pumping problem today and 
ask for folder 53SH. 



























PUMP COMPANY 


CEDAR FALLS, IOWA 
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more vulnerable to scoring than to 
bending failures, provided the de- 
sign with peening is balanced for 
equal resistance to scoring and 
bending failures. 


Pitting: In cases of high ratio 
gears in which tooth action ap- 
proaches the base circle of the 
pinion, the compressive stress 
might be very high because of the 
small radius of curvature in that 
region. This naturally suggests the 
use of long and short addendums, 
but even then the high compressive 
stress might present a problem. 
This condition again suggests the 
| use of a finer pitch, which in the 





| ease of very high ratios may not 


permit a further decrease in the 
gear addendum, but it would per- 
mit a greater contact ratio for bet- 
ter distribution of the transmitted 
load. In more moderate ratios, in 
which pitting is more likely to 
occur just below the pitch line of 


pitch would probably be less than 


| 
| 
| the pinion, the benefit of a finer 
| 
| 


in the case of high ratios, although 
it would result in a slight increase 
in contact ratio for full depth teeth. 


Gear Noise: The question some- 
times arises, “Is there a sufficient 
dimensional change from peening 
to introduce errors in gear tooth 
profile?” With proper peening pro- 
cedure, there should be no signifi- 
cant change in profile, particularly 
in hardened gears. Some manufac- 
turers have compared the noise 
level of peened gears against iden- 
tical gears nonpeened, and were 
unable to detect any difference in 
the noise level. At least one manu- 
facturer insists that shot peened 
gears are more quiet in operation. 
Both of the cases cited are related 
to carburized and hardened gears. 
In most cases of gear produc- 
tion, peening is the last operation 
insofar as the teeth are concerned. 
and no attempt is made to protect 
the tooth profiles from the blast. 
However, in some cases the gears 
are cut with a protuberance hob t 
provide an undercut at the roots 
the teeth. The gears are then harc- 
ened, shot peened and ground. In 
large gears, this procedure allows 
the tooth profiles to be ground 
without removing any of the shot 
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Why U. S. Rainbow V-Belts are superior: 


If a belt has to handle conditions not found 
on the average drive, then U. S. Rubber 
engineers custom-build it for the job. You 
can order a special U. S. Rainbow V-Belt to 
handle any operating conditions, such as oil, 
high temperatures, and static electricity. 


Remember that U. S. Rainbow V-Belts 
have a unique Equa-Tensil Cord Section— 
an exclusive process which provides efficient 
pull and strength under the most adverse 


A COMPLETE DRIVE SERVICE 
MULTIPLE V-BELTS e F.H.P. V-BELTS ¢ SHEAVES 





FLAT BELTS AND BELTING « SPECIAL PURPOSE BELTS 
RUBBER 


UNITED STATES 


Tailored for 
something SPECIAL... 


U. S. RAINBOW® 
V-BELTS 





conditions. Order from your jobber, or con- 
tact any of our 25 District Sales Offices, or 
write to address below. 





Top rubber cushion in closely 
engineered balance with the lower 
section ... to keep cool under con- 
stant stretch and return. 


Equa-Tensil Cord Section — all 
cords scientifically placed, each 
pulling its share of the load. 
A sturdy level cushion for the 
Equa-Tensil Cord Section provides 
structural firmness for V-grooves 
and over the flat pulley of V-to-flat ; 
drives. a reef 








“U.S.” Research perfects it. 
“U.S.” Production builds it. 
U.S. Industry depends on it. 


COMPANY 





MECHANICAL GOODS DIVISION - ROCKEFELLER CENTER, NEW YORK 20, N. Y. 


Hose « Belting « Expansion Joints « Rubber-to-metal Products e Oil Field Specialties | e Plastic Pipe and Fittings « Grinding Wheels « Packings « Tapes 
and Extruded Rubber and Plastic Products + Protective Linings and Coatings *« Conductive Rubber «+ Adhesives « Roll Coverings « Mats and Matting 
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¥ What's your problem 
in power motion? 


There’s an Anker-Holth cylinder to solve it! 


@ Advanced designs of Anker-Holth power cylinders in a 

wide range of sizes and types are available to solve your 
problems involving push, pull, lift or lowering action. If standard 
cylinders aren't the answer, Anker-Holth matches your 


needs with special designs. 


For help in engineered cylinder power . . . air or hydraulic 
. . write Anker-Holth Division of The Wellman Engineering 
Company, Dept. A-5, 2723 Conner St., Port Huron, Michigan. 








Ore tae at ice ae ne = «Division of THE WELLMAN ENGINEERING COMPANY 


plete line of Anker-Holth products. 
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peened surface in the fillet where 
the bending stress is maximum. 
This provides a means of overcom- 
ing distortion in heat treatment, 
and also a ground profile where 
this is considered essential. 
















Control of Shot Peening: Shot 
peening is controlled by means of 
a standard Almen test strip of 
spring steel which is subjected to 
the peening blast in the same pro- 
gram as the work, and then meas- 
ured for the degree of curvature 
resulting from the blast. A stand- 
ard test strip holder is used for 
holding the strip during peening. 

In setting up a peening job, it is 
necessary to specify the peening 
requirements on the basis of full 
sized shot if efficient operation is 
to be obtained. Any broken shot 
which is allowed to remain in the 
machine is completely ineffective 
in increasing fatigue strength be- 
yond that which is obtained with 
the full sized shot alone. A peen- 
ing machine should be equipped 
with a separator capable of remov- 
ing broken or undersized shot in 
continuous operation. Of equal im- 
portance is the provision for uni- 
form replacement of the broken 
shot with new shot. 

For efficient operation it is also 
important that the shot strike the 
work as nearly as possible at right 
angles to the surface in the region 
of maximum stress in service. Any 
shot which strikes the work at an 
angle appreciably less than 90 de- 
grees is ineffective in the same way 
as undersized shot. 































Are Height: In setting up speci- 
fications for shot peening, the arc 
height should be established in re- 
lation to the thickness of the par! 
at the location of maximum stress, 
and the overall requirements of the 
particular job. It is not feasible to 
set down a hard fast rule for arc 
height, because of widely varying 
requirements. Wherever possible, 
it is good practice to establish, by 
fatigue tests on shot peened parts, 
the range of arc height most suit- 
able for the particular application. 
























Coverage: For efficient opera- 
tion, coverage should also be con- 
sidered in relation to the require- 
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Can you use 
tubing 
with ductility 
like this? 
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@ These bends are unusual. For one thing, they’re in every 
possible plane. Also, the radius of each one is short. Much 
shorter than you’d think possible. And it takes the strength 
and ductility of ELECTRUNITE Tubing to stand up under 
this kind of bending. 


Does this give you an idea? Maybe you have a problem right 
now that ELECTRUNITE Tubing might solve. Perhaps you 
want to cut costs. Or use a different method of fabricating. 


Whatever it is, it will pay you to investigate Republic 
ELECTRUNITE Tubing. It’s available in both carbon and stain- 
less analyses. Our engineers will be glad to work with yours 
to help you use it—profitably. For BOOKLET Write To: 


STEEL AND TUBES DIVISION 
REPUBLIC STEEL CORPORATION 
217 EAST 131st STREET © CLEVELAND 8 OHIO 
























Comar can supply the correct relay to suit your specific 
needs. Type N with dimensions of only 2%” x 176” x 16” 
for 4PDT, and Type D with 1%4” x I'%a" x 1%" for 4PST, 
are ideal for a wide range of general industrial purposes, 
Contacts up to 10 amperes available. For military and 
general industrial applications, the Type TM which is only 
1%” x 1%" x *%" for 4PDT, or Type TJ which is only 
1%” x 1%" x °%" for 4PDT, or Type TW which is only 
1'"-” x 1H6” x %4” for DPDT, have provided the solution to 
small space problems. Standard units carry up to 3 amperes 
on contacts. Types TM, TJ and TW available hermetically 
sealed or open. Relays can be modified to meet special 
requirements. Send specifications for our rec dations. 

















Send for Catalog 











3349 Addison St., Chicago 18 
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Relays * Solenoids * Coils + Transformers * Switches * Hermetic Sealing 
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ments of the job. Coverage may be 
defined as the proportion of a given 
area of the work which has received 
direct impact of the peening blast. 

Theoretically, coverage ap- 
proaches 100 per cent as a limit as 
the exposure time is increased in- 
definitely. The exposure required 
to obtain 98 per cent coverage 
is about 21% times that required to 
obtain 80 per cent coverage. 

The relationship of exposure time 
and coverage naturally raises the 
question as to the influence of 
coverage on fatigue strength. Fa- 
tigue tests have indicated that a 
coverage of 98 per cent results in 
an increase of fatigue strength 
above that of 80 per cent but not 
in proportion to the additional ex- 
posure time. Because of the fact 
that the coverage approaches 100 
per cent as a limit, it is reasonable 
to believe that additional life can 
be obtained by prolonged exposure 
after a coverage of 98 per cent is 
obtained. This is supported by 
fatigue data which show a gradual 
increase in life with increased 
coverage well beyond that at which 
there are no visible areas which 
have not been indented. 


Choice of Shot Size: The choice 
of shot size for a peening opera- 
tion will depend upon the arc height 
and coverage required in the partic- 
ular application, with due consider- 
ation for sharp corners or fillets. 
The usual rule in this case is that 
the nominal diameter of the shot 
should not exceed the radius of the 
fillet. Fatigue tests have indicated 
that for a given coverage and arc 
height, other conditions being the 
same, the same increase in fatigue 
strength can be obtained with one 
shot size as with another, with due 
consideration to shot velocity. 

Since the number of pellets per 
pound of shot varies inversely 45 
the cube of the diameter of the 
particles, it is only natural that 
coverage is obtained at a much 
higher rate with smaller shot. This 
of course implies that in order to 
obtain the same arc height with 
the smaller shot, it is necessary to 
increase the shot velocity. How- 
ever, in spite of the fact that the 
rate of shot usage increases rapid- 
ly with shot velocity, the increased 
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Here are only a few of the wide variety of shapes 


made possible by Cy 4 3- point advantage: 


1. LAMINATED CONSTRUCTION Through 
Ohio Knife's own process, long-wearing tool steel 
is welded to a soft steel backing under 2500 tons 
pressure. This process enables us to deliver ways 
answering any requirement for hardness, regard- 
less of the shape of the way. 


2. SPECIAL HEAT-TREATMENT OK ways’ 
extreme hardness (65-66 Rockwell ‘‘C’’) to a uni- 
form depth is a key factor in successful perform- 
ance regardless of shape. 


3. PRECISION EQUIPMENT Ohio Knife has 
the extensive plant facilities and equipment re- 
quired for supreme accuracy. OK hardened ways 
and gibs are ground to tolerances of + .0002. 


Besides a wide range of standard sizes and shapes, 
OK ways are made to your specifications. 








Write for compre- 
hensive Bulletin to 


Dept. A, 


pe 














Cc 














'NGCINNATI 23, OH190 


Manufacturers for the Metal Working Industry of: 
SLITTER KNIVES © SHEAR BLADES © BRONZE WAYS 
ROTARY SHEAR KNIVES ®© HARDENED SPACERS 

HARDENED WAYS ¢ BALL RACES 
WEAR STRIPS @ GIBS 
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and 
baseball 
time 





time 
j 


Transcribed music in our plant, for our em: 
ployees’ enjoyment while they work; a baseball 
team for their recreation after work . . . these 
are just two of the many details we attend -to, 





Spur 
Helical 


Worm in our efforts to maintain high employee morale 
Herringbone and efficiency so necessary for consistent production of a 
Internal quality product—the best in custom gears. They're just fur- 


ther reasons why every gear order you place with Cincin- 


*Coniflex Bevel 
nati Gear will be handled to your complete satisfaction. 
r 


Spiral Bevel 


Spline Shaft *Reg. U. S. Pat, Off. 





= : 
Th CINCINNATI GEAR Co. , I 


"THE CINCINNATI Gi 


“Gears ... Good ents Only” : ie 
Wooster Pike and Mariemont Ave, ¢ Cincinnati 27, Ohio Ss 


ees 















Dozens of ways 
to save with 
electric 

heating units 


Contains Such Valuable 


information as: : 
NUITLLULNTILUELUOLEIOUNULVIOIUUUOUUCOUOUEA UT eS 






@ How to Determine Wattage Requirements 

@ Specific Heat Tables for Solids, Liquids, Gases 

@ Heat Loss Tables 

@ Energy Charts for Heating Air & Water 
PLUS How to Select and Apply Watlow's Com- 
lete Line of Strip, Cylindrical, Ring, Cartridge. 
Fubular and immersion Heaters to meet your 
particular needs. 





SEND for 
Your Copy 
_ Today! 


SINCE 1922—DESIGNERS AND MANU- 
FACTURERS OF ELECTRIC HEATING UNITS 


ELECTRIC MFG. CO. 
1384 FERGUSON AVE. 
SAINT LOUIS 14, MO. 





IULUULULUVAALTLOAARTOOA 


MMNUUNALLUNUUAUUNUL 
Fill HUIUUULLUULULAULA 
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production resulting at the higher 
conveyor speed compensates for the 
rate of shot usage so that the shot 
usage per unit of production is ap- 
proximately the same. The net re- 
sult is that with the smaller shot 
higher production rates are ob- 
tained with no increase in cost of 
operation. 


Type of Shot: For several years, 
it was considered necessary that 
the hardness of the shot should be 
at least equal to that of the work 
being peened. Under these condi- 
tions, chilled iron was the only type 
of shot used for peening fully hard- 
ened work. Since the advent of steel 
shot, however, fatigue tests have 
shown an equal increase in life for 
fully hardened parts (60 Rockwell 
C) when peened with chilled iron 
shot and with steel shot having a 
hardness in the neighborhood of 
45 Rockwell C. This is a distinct 
advantage because the rate of us- 
age with a good quality steel shot 
is a fraction of that with chilled 
iron shot. It is important, however, 
that the hardness of steel shot is 
not appreciably less than 45 Rock- 
well C. Any shot which is appre- 
ciably softer is ineffective in the 
same sense as broken shot. Even 
for work with a hardness of 40 to 
45 Rockwell C, a wide range of 
hardness in the shot results in an 
inefficient blast because the softer 
particles do not add to the work 
done by the harder particles. 


Shot Peening Equipment: For 
uniform results, the work should 
pass through the blast in a mechan- 
ically controlled cycle to insure that 
all surfaces subject to high repeti- 
tive stresses are uniformly covered 
by the blast. For low volume of 
production, or in some particular 
cases where only a small area of 4 
relatively large part is to be peened, 
an air blast might be sufficient. 
However, for high rates of produc- 
tion the airless method involving 
a rotating bladed wheel is more 
practical and economical. 

From a paper entitled “Shot 
Peening in the Design of Gears” 
presented at the Annual Meeting 
of the American Gear Manufactur- 
ers Association in Hot Springs, V¢., 
June, 1953. 
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Meetings 
AND EXPOSITIONS 


Sept. 13-17— 

Electrochemical Society Inc. Fall 
meeting to be held at the Ocean 
Terrace Hotel, Wrightsville Beach, 
N. C. Dr. Henry B. Linford, 235 
West 102nd St., New York, N. Y. 
is secretary. 


Sept. 20-23— 

Packaging Machinery Manufac- 
turers Institute. Twenty-first an- 
nual meeting to be held at the 
Skytop Lodge, Skytop, Pa. Addi- 
tional information may be obtained 
from society headquarters, 342 
Madison Ave., New York 17, N. Y. 


Sept. 21-22— 

Steel Founders’ Society of Amer- 
ica. Fall meeting to be held at the 
Homestead, Hot Springs, Va. Ad- 
ditional information may be ob- 
tained from society headquarters, 
920 Midland Bldg., Cleveland, O. 


Sept. 21-25— 

Instrument Society of America. 
Annual meeting and joint confer- 
ence with the Industrial Instru- 
ments and Regulators division of 
ASME to be held concurrently 
with the eighth national instru- 
ment exhibit at the Sherman Hotel, 
Chicago, Ill. Richard Rimbach, 921 
Ridge Ave., Pittsburgh, Pa., is ex- 
hibit manager. 


Sept 28-30— 

Association of Iron & Steel En- 
gineers. Annual meeting to be held 
at Hotel William Penn, Pittsburgh. 
Pa. T. J. Ess, 1010 Empire Bldg., 
Pittsburgh, Pa. is managing di- 
rector. 


Sept. 28-30— 

National Electronics Conference. 
Ninth annual conference to be held 
at the Sherman Hotel, Chicago, 
ll. under the sponsorship of the 
American Institute of Electrical 
Engineers, the Institute of Radio 
Engineers, [Illinois Institute of 
Technology, Northwestern Univers- 
ity, and the University of Illinois, 
with participation by Purdue Uni- 
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WV check the price 
WV check the analysis 
WV check the performance 


and you'll specify 
MUELLER BRASS CO. 


tut-stuf 


aluminum bronze 





check the price—Tur-Stur, the Mueller Brass Co. 
series of aluminum bronze alloys, can be supplied at 
prices below those of similar alloys. Whether 

you buy Tur-Stur in rod shapes, forgings or 
screw machine products you'll save money because 
these alloys are priced right, machine better and 


last longer. 


check the analysis—Tur-Stur alloys are a high 
copper base series containing from 9% to 13% 
aluminum and varying amounts of iron, nickel and 
manganese. They do not contain zinc and, there- 
fore, are not subject to dezincification. Tur-Stur 
alloys are available in several grades with a 
chemical composition, suitable hardness and 
mechanical properties for many different applications. 


check the performance—TuFr-STuF alloys are light 
and strong—about 8% lighter than cast bronze 
and almost as strong as steel. They have a low 
coefficient of friction as well as good bearing and 
mechanical properties. They not only retain 

these properties but resist oxidation at the high 
speeds and high temperatures of modern production 
equipment. They will withstand strong acid attack 
or the effects of brackish waters and are highly 
resistant to corrosion. 


These alloys can be hot-forged into relatively 
intricate shapes ...need little or no machining... 
and the smooth, bright surfaces eliminate 

costly finishing. 


MUELLER BRASS CO. 


PORT HURON 15, MICHIGAN 


For complete information, write 
today for our new TUF-STUF 
Engineering Manual. 
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Design Electronic Controls for RELIABILITY IN SERVICE 
with Alden Components for PLUG-IN UNIT CONSTRUCTION 


Be sure your Engineers are werling with the Aiden Handbook of plug-in unit design. Presents 
complete line of basic components of tremendous flexibility for adapting your equipmenc to plug-in 
construction. 






] Unitize your circuitry in compact vertical planes 
e using Alden Terminal Card Mounting System. 





UMPER STRIP 


"ce bi = YOUR 
+ Mh 200 O04 S = tiene 


PREPUNCHED TER+ MINIATURE liminates wiring 
MINAL MTG. CARD’ TERMINALS for common circuits — 
You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Scrip and 
Sockets staked to accommodate any circuitry — making complete units ready for housing. 
mponents snap into unique Alden Terminals, are held ready for soldering. 


CARD.MTG. 
SOCKETS 


2 To mount this vertical cireuitry, ALDEN PLUG-IN PACKAGES AND 
e CHASSIS give tremendous variety with standard components 


4 SIZES: 















ALDEN 
PLUG-IN 4 SIZES: a 
PACKAGE 7,9, 11, éhhe ofl © © 
& 20-PIN ) Pe BR Os a, 
ALDEN oPLs_Pie__ Pk? °° PF 
BASIC CHASSIS 2” 4” 8” 17” 


Alden components provide standard plug-in or slide-in housings—with spares, your circuits become units replaceable in 30 seconds. 


3 Give chassis easily traceable interconnects and 30-second ’ 
* replacement with ALDEN SERVE-A-UNIT KIT 


IT’S AS SIMPLE AS THIS Arrange Alden Side Rails (1) GIVING YOU !) Chassis that plugs in, locks and ejects 
and Alden Lock Frame (2) with half turn of the wrist. 2) leads so beautifully 
to suit your chassis. Alden Organized, accessible and identified that non-technical 
Serve-A-Unie Locks (3) personnel can service. 
mount in your chassis to en- ° 
gage pre-punched holes in _ 
Alden Lock Frame (2) to / UU 
pilot, draw in, lock or eject. 
Arrange Alden Back Connec- | 
tors (4) in orderly row on —— 
Alden Lock Frame. Mount Isolace criti [oc 

tisatatiissis PUeetet: i O 


mating Alden Back Connec- 
tors on your Chassis. 
{ Spareeaere REE? fF? 
ALDEN BACK LOG Accessible central check point, | 
CONNECTORS 


, SS 
OY O 
bered 
4; Assign to each unit ALD. SENSING ELEMENTS — to spot trouble instantly: 


MINIATURE MINIATURE 
TEST JACK 
149 N. Main St., Brockton 64, Mass. / iow . 
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MINIATURE 
INDICATING 
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INDICATING 
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Stra am STEEL BALL Co. 


Largest Independent and Exclusive Metal Ball Manufacturer 
$O. S4th AVE., CICERO 50, ILLINOIS 
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Meetings and Expositions 





versity and the University of Wis- 
consin. S. R. Collis, N. E. C. 
Publicity Committee, 208 West 
Washington St., Chicago 6, IIL, is 
chairman. 


Sept. 30-Oct. 2— 

Porcelain Enamel}! _ Institute. 
Twenty-second annual meeting to 
be held at the Greenbrier Hotel, 
White Sulphur Springs, W. Va. 
Additional information may be ob- 
tained from society headquarters, 
Dupont Circle Bldg., 1346 Con- 
necticut Ave., Washington, D. C. 


Oct. 5-7— 

American Society of Mechanical 
Engineers. Fall meeting to be held 
at Hotel Sheraton, Rochester, N. Y. 
C. E. Davies, 29 West 39th St., 
New York 18, N. Y., is secretary. 


Oct. 8-9— 

National Conference on Indus- 
trial Hydraulics. Ninth annual 
meeting to be held at Hotel Shera- 
ton, Chicago, Ill. J. G. Duba, Illi- 
nois Institute of Technology, Tech- 
nology Center, Chicago 16, IIl., is 
secretary. 


Oct. 12-13— 

First Conference on Mechanisms. 
Two-day conference to be held at 
Purdue University, West Lafay- 
ette, Ind., under the joint sponsor- 
ship of the editors of MACHINE 
DESIGN and the faculty of the 
school of mechanical engineering at 
Purdue University. Additional in- 
formation may be obtained from 
the Editor, MACHINE DESIGN, Pen- 
ton Bldg., Cleveland 13. O. 


Oct. 19-23— 

American Society for Metals. 
National metal exposition and con- 
gress to be held at the Public Au- 
ditorium, Cleveland, O. W. 4. 
Eisenman, 7301 Euclid Ave., Cleve- 
land 3, O., is national secretary. 


Oct. 25-28— 

American Gear Manufacturers 
Association. Semiannual meeting 
to be held at the Edgewater Beach 
Hotel, Chicago, Ill. John C. Sears, 
302 Empire Bldg., Pittsburgh 22, 
Pa., is executive secretary. 


MACHINE DESIGN—September 1953 




















bad 


st 


ig 


ws 


to 


a 








Domestic 


Washer: Has automatic timer 
which can be set to shut washer 
off at the end of a selected period 
of from 1 to 15 minutes or can be 
set to a “hold” position for opera- 
tion beyond that period. Capacity 
of white porcelain washbasket is 
8 lb of dry clothes. Lightweight 
black plastic agitator will not cor- 
rode or pit. Wringer rolls adjust 
automatically to varying garment 
thicknesses. Features quick-empty- 
ing impeller drain pump. General 
Electric Co., Louisville, Ky. 

Sink-Range-Refrigerator: Com- 
bination appliance equipped with 
three gas or electric burners. Sink 
is adjacent to burners, and refrig- 
erator occupies space directly be- 
low both units. Storage drawer is 
below refrigerator. Fiberglas in- 
sulation is used in sides, back, bot- 
tom, door and in space separating 
refrigerator and range sections. 
General Air Conditioning Corp., 
Los Angeles, Calif. 


Maintenance Equipment 


Flocr Maintenance Machine: 
Model “K” has 121%4-in. diameter 
brush. Brush speed is 210 rpm. 
Power is transmitted from 14-hp 
heavy-duty vertical motor to brush 
through cog-tooth belt made of 
rubber and nylon, reinforced with 
multiple strands of steel cable em- 
bedded in the rubber. Motor is 
quiet running and does not require 
lubrication. Machine weighs 38 lb 
with brush. Attachments available 
to scrub, wax, polish, buff and sand 
all types of floors. Hild Floor Ma- 
chine Co., Chicago, Il. 


Steam Cleaner: Electric Hydro- 
steam unit combines Speedylectric 
Steam-Jet and Sellers Injector Hy- 
draulic Jet. Steam comes from a 
self-regulating steam generator. 
Solid jet of hot water and deter- 
Sent under high discharge pressure 
and temperature removes grease 
deposits and soil encrustrations. 
‘Tovides pin-point cleaning for de- 
licate machine parts, motors and 
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This new metal 
sign where con 
temperatures in 
abrasion, and comp 








WH AT Chiefly titanium carbide (and small percentages of 








other refractory metal carbides), with nickel 
“binder”. Uses neither tungsten nor cobalt. Hard- 





is Kentanium? ness: Up to 93 RA. Weight: 34 that of steel. 
Resist thermal shock, withstand oxidation and 
WH AT abrasion, retain great strength at high temperatures 







(1800°F and above). 























can it do? 
Successful applications include: Valves, valve seats, 
reduction crucibles, anvils for spot welding, hot 
WHERE . extrusion die inserts, bushings, thermocouple pro- | 
tection tubes, flame tubes, furnace tong tips, balls 
Cas for hot hardness testing, nozzle vanes and blades 
is it in use? for jet engines, and many others. 
Tubes, rods, bars, flats by extrusion process. More 
WHAT complex parts by machining from pressed slugs 
before sintering; extremely accurate parts by grind- 
forms are made? ing to required tolerance after furnace sintering. 
This remarkable new metal, available in many 
HOW “grades” to meet specific combinations of imposed 
conditions, can best be adapted to your high 
. temperature problem by cooperative effort. Our 
can you use it? engineers will be glad to discuss how you can get 














best results from Kentanium. 


nt of KENNAMETAL Inc. Latrobe, Pa. 














An Exclusive Developme 


KENTANIUM 


iGHT 
NT HIGH-STRENGTH, LIGHTWE 
: TITANIUM CARBIDE 





HEAT-RESISTA 
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Let These 


MOTORS 


Do Your 


DIRTY WORK 


They're built to ignore dirt, 
dust and corrosive vapors 


—_—— 
Z — ‘ 


SMITHway totally enclosed fan-cooled 
motor—a frame within a frame and 
both are cast iron. Efficient, high-ca- 
pacity, double-locked fan forces air 
through self-cleaning ducts. Heat is 
dissipated—dirt, dust and corrosive va- 
pors can’t get into the sealed motor. 


AST IRON construction is one of the 
many outstanding features which 
makes these motors superior under 
service conditions involving dirt, dust 
and corrosion. Cast iron frame, cast 
iron end bells—the complete enclo- 
sure is cast iron—all exposed parts 
are cast iron. Ideal for petroleum, 
chemical and other rugged industrial 
applications. 
SMITHway totally enclosed fan- 
cooled motors are built to standard 
NEMA frames to meet the highest 
standards of electrical performance. 
TEFC motors are built in sizes from 
5 to 125 HP. Parts and service avail- 
able throughout U.S.A. Get complete 
information from nearest office or 
write today. 


SMITHway totally en- 
closed non-ventilated 
motor. Standard 
NEMA frames. Cast 
iron construction of all 
exposed rts keeps 
these motors, by the 
thousands, on the jo 

regardless of dust, 
dirt and corrosive con- 
ditions. Available in 
ratings from 1 to 5 HP. 


AOS 


Se Bier: mw Oo 











5715 SMITHway St., Los Angeles 22, California 
1000 Webster St., Dayton 4, Ohio « Offices in Prin- 
cipal Cities * International Division, Milwaukee | 
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equipment that require protection 
from water and excess moisture. 
Steam lance can also be used for 
applying concentrated, undiluted 
solvents, detergents or stripping 
agents where needed to soften and 
loosen accumulations or coatings. 
Available in both stationary and 
portable models for operation on 
220, 440 or 550-v three or two- 
phase, 60 or 25-cycle power supply. 
Livingstone Engineering Co., Wor- 
cester, Mass. 


Sewer Cleaner: No. 420 “Sewer 
Master” clears obstructions 100 ft 
or more from sewer entrance; re- 
moves roots, grease, chips and oth- 
er refuse. Cutting tools are at- 
tached to a coiled-spring snake 
which is remotely held and re- 
volved by revolving chuck jaws. 
Motor reverses so that snake can 
be turned in either direction. Oster 
Mfg. Co., Cleveland, O. 


Materials Handling 


Pallet Truck: Model SD com- 
bines single and double-faced load 
lift. Has ball bearing wheels and 
can be maneuvered in narrow 
aisles. Truck has 4-in. lift and 
can be furnished with hinged 
adaptors to allow use with skid 
platforms up to 12-in. underclear- 
ance. Overall width is 27 in. 
Forks are 914 in. wide, and the 
opening for the center runner of 
the pallet is 81% in. wide. Avail- 
able in 3000, 5000 and 10,000-lb 
capacities with either steel, rub- 
ber or plastic wheels. Market 
Forge Co., Everett, Mass. 


Loader: Mounts on Case, Min- 
neapolis- Moline, Sheppard and 
Oliver industrial wheel type trac- 
tors. Loads gondola cars, hop- 
pers and trucks with bulk mate- 
rials. Maximum lifting height, 16 
ft; dumping height, 1414 ft. Load 
capacity is 6000 Ib. Accessories in- 
clude coal and snow bucket, loose 
material bucket and a crane hook 
tool. Bucket can be shaken while 
in dumping position. Baker-Lull 
Corp., Minneapolis, Minn. 


Fork Lift Trucks: Models YC- 
40 and UC-30 have capacities of 
4000 and 3000 Ib, respectively, at 
24-in. load centers. Powered by 
heavy-duty, water-cooled industrial 












Precisioneered! 


Universal Precisioneered 
Balls are, as the name suggests, 
engineered to precise 
tolerances . . . round all over, 
within ten-millionths of 
an inch. Extreme accuracy. 
Mirror finish. Quality- 
control throughout. 


Where high speeds, 
silent operation, and minimal 
torsional resistance are 
musts, specify Universal 
Precisioneered Balls of 
chrome or stainless steels. 
Universal balls are also 
produced in all standard 
grades in chrome, 
stainless, bronze, solar 
aluminum and special 
materials. . .all 100% inspected, 
all individually gauged. 


For special instrument 


applications, we produce 
balls guaranteed accurate 


within .000005’’. 


Universal 
Ball co. 


WILLOW GROVE 
MONTGOMERY CO., PA. 










MACHINE DESIGN—September 1953 














Get 
absolutely 


OIL-FREE 
MT 


with GAST rotary 
OIL-LESS 
AIR PUMPS 








Above — Oil-less 
Model 1550 — 8 
to 10 C.F.M. 
Right — Oil-less 
Model 3040, e 
plate removed. 
From 17 to 24 
C.F.M. 





asths 


Three things about these pumps 
are outstanding: 


FIRST — They run entirely without oil 
in the pumping chamber. Four carbon 
vanes in rotor lubricate themselves — 
through thousands of hours of opera- 
tion. Ball bearings are greased and 
sealed for life. You can forget oiling 
problems! 


SECOND — They completely elimi- 


nate oil-mist in the air delivered. | 


Used for both vacuum and pressure 
they can’t contaminate your product 
or material with oil droplets. 


THIRD — They’re built with tradition- 


al Gast precision — for years of high | 


performance and dependability. 
IF THESE QUALITIES offer solutions 


to your original equipment problems, | 
write Gast. Oil-less models from 10 | 
to 20 inches vacuum — 3 to 10. Ibs. | 


Pressure — 3.5 to 24 C.F.M. 


Write for new Data Sheet 
on Oil-less Pumps, show- 
ing 3 types and rating 
tables. 





Original Equipment Manufacturers 
for Over 25 Years 






PUMA 





(TO 30 185.) (TO 28 INCHES) 
MANUFACTURING CORP., 107Hinkley St,, Benton Harbor, Mich. 


MACHINE DesIGn—September 1953 





AIR MOTORS - COMPRESSORS - VACUUM PUMPS — 








New Machines 





engines and mounted on cushion 
type tires. Model YC-40 is 38 in. 
wide and 781% in. long. Collapsed 
height is 8214 in. Will climb a 20 
per cent grade loaded or empty. 
Model UC-30 is 74% in. long and 
will climb a 24 per cent grade load- 
ed or empty. Both trucks have 
sharp turning radius of 75 in. and 
30 in. of free lift on standard 9-ft 
uprights. Hyster Co., Portland, 
Ore. 


Overhead Carrier: Has canti- 
lever arrangement that permits 
handling of loads beyond the end 
of the crane on which the carrier 
operates. Can move materials in 
areas between roof-supporting pil- 
lars and reach through doorwnzys. 
Hoist reaches 2% ft beyond end 
of crane. Capacity is 1500 Ib. 
Cleveland Tramrail Div., Cleveland 
Crane & Engineering Co., Wick- 
liffe, O. 


Conveyor: Redesigned LS alumi- 
num belt conveyor is available in 
10 and 16-in. widths and five 
lengths from 11 to 21 ft. Features 
free-rolling running gear and built- 
in jackscrew to raise and lower 
drive end of unit, permitting ad- 
justment to desired belt pitch 
after head end of conveyor has 
been placed in position. Mounts on 
either two cushion-rubber de- 
mountable tire wheels, two pneu- 
matic tire wheels or a dolly. Ruff- 
top belt elevates most materixls at 
over 30-degree inclines. Rapids- 
Standard Co., Grand Rapids, Mich. 


Telescopic Fork Truck: Capaci- 
ty, 2000 Ib. Elevated height of 
forks is 132 in.; collapsed height, 
833, in. Base forks and elevating 
forks are 30 in. wide, 42 in. long. 
Truck has dual tandem load 
wheels; handles single-faced pal- 
lets and skid platforms. Raymond 
Corp., Greene, N. Y. 


Metalworking 


Small Rolling Mills: Flat or 
grooved rolls on 3 and 4-in. mills 
produce shapes such as round, 
square, half-round and diamond or 
special shapes. Rolls are also sup- 
plied for such purposes as reduc- 
ing or compacting small tubing 
sizes. Housings are cast of Mee- 
hanite type GM alloy to withstand 





Economy and Practicality 


are by-words 
ry 
with BE 


CONTACT RIVETS 


Rivets cost 
less than other forms 
of electrical contacts 
and are easier to 
assemble... 


Gibson contact rivets are often the 
most appropriate and economical 
contacts for relays, switches, instru- 
ments and other applications involv- 
ing small or moderate currents. 

They are easy to install, are promptly 
supplied in standard or special sizes 
and shapes, and can be conveniently 
attached to springs or other supports 
at the Gibson plant — using supports 
furnished either by Gibson or the 
customer. 

Moreover, Gibson contact rivets 
are readily available in fine silver, 
coin silver, or any electrical contact 
material capable of being cold- 
formed. Gibsiloy A-3, a case in point, 
combines all the advantages of silver 
with tougher wear resistance and re- 
duced tendency to “freeze.” 

Let Gibson engineers recommend 
the best Gibson contact rivet for your 
needs For rivet quotations, please 
submit dimensions (as shown be- 
low) and quantity desired. 


Write for Gibson Rivet Catalog C-521 






































<-A->| we 
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Dw olple 


—é 
A=head diameter D=shank diameter 
B=head thickness 1 =shank length 
R =radius of face 


CONTACT GIBSON FIRST 


Gigson Etectric COMPANY 


8355 Frankstown Ave. Pittsburgh 21, Pa. 
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You may have heard 
about a highly suc- 
cessful solid-film lu- 
bricant which is giv- 
ingremarkableresults 
in the shop and in 
the field. 


In one 40-page 
booklet we have col- 
lected 154 detailed 
" case-histories de- 
a | scribing how difficult 
' lubrication problems 
"have been overcome 

_ by molybdenum sul- 
|| fide. If you wish to be 
- up to date about this 
- solid-film lubricant, 
| | write for a free copy 
now. 


LUBRICANT OF MANY USES 


-sultide 


A LITTLE DOES A LOT 








Climax Molybdenum Company 
500 Fifth Avenue 
[Rew York City -36-N-¥. 













Baloo 
ete 





SEND FOR THIS FREE 
BOOKLET TODAY 


Name 
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stresses and shockloads. Heavy 
bronze bearings are enclosed with- 
in heavy-duty welded steel cabinet 
bases. The larger unit is available 
with roller bearings and can be 
water cooled. Stanat Mfg. Co., 
Long Island City, N. Y. 


Welder: Lightweight shielded 
inert gas metal arc SWM-3 unit 
features are voltage control. Elec- 
tronic controls automatically vary 
welding wire feed rate as required 
by changing arc conditions. Makes 
butt, lap, fillet and corner welds 
in aluminum alloys, stainless 
steels, carbon steels, deoxidized 
copper, Everdur and aluminum- 
bronze in thicknesses from 16 
gage. Uses welding wires of 1/32, 
3/64, 1/16 and 3/32-in. diameter. 
Control unit can be permanently 
mounted or portable. Linde Air 
Products Co., New York, N. Y. 

Horizontal Boring Machine: Fea- 
tures 6-in. diameter nitralloy spin- 
dle. Table will accommodate work- 
pieces 12 ft long, 6 ft wide and 6 
ft high. Indexing to less than 
0.00025-in. is possible. Nonmetal- 
lic way eliminates metal-to-metal 
contact and prevents scoring. G. 
A, Gray Co., Cincinnati, O. 

End Finisher: Has _ foot-con- 
trolled air cylinder. Work is fed 
to rotating cutters which are held 
in main spindle behind chuck jaws. 
When pointing is completed, chuck 
automatically returns the work- 
piece and unclamps. Automatic 
swing stock stop enables fast po- 
sitioning of work in open chuck 
jaws. Adjustable stop screw con- 
trols forward travel and depth of 
cut. Machine reams, bores and 
faces tube and pipe ends; center- 
drills bar stock and chamfers or 
forms rod ends. Positive clamping 
of work permits deburring, cham- 
fering, and facing to be completed 
separately or simultaneously. Han- 
dles up to 2-in. diameter stock. 
Eight speeds range from 760 to 
3920 rpm. Larger models for work 
up to 5-in. diameter available. 
Pines Engineering Co. Inc., Au- 
rora, Ill. 

Bench Mill: Performs such op- 
erations as making keyways, slot- 
ting, splitting, squaring at differ- 
ent angles, milling flat spots on 
small shafts, spline cutting and 
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50% Greater 
Concrete Strength 
Achieved 


The Yoder Company of Cleve- 
land, Ohio, reports Sterling 
Speed-Trol, powering their rev- 
olutionary Continuous Con- 
crete Mixer, gives the variable 
speed control necessary for con- 
tinuous, accurate proportioning 
and mixing which made devel- 
opment of this machine possible. 
Compared to batch mixers, the 
Yoder Mixer increases concrete 
strength 50%, increases produc- 
tion at lower cost, and reduces 
equipment and maintenance 
costs over 50%. 











STERLING SPEED-TROL 





GIVES YOU VARIABLE SPEED 
CONTROL NECESSARY FOR: 


Equipment adaptation to: Sequence sy"- 
chronization — operators’ abilities — load 
variations due to differences in quantity, 
quality, weight, size, tension, hardness or 
shape of material to be processed, machined, 
conveyed, blended, mixed, etc. 
Process control of : Temperature — viscosity 
— level — pressure —flow—etc. 
Time control of: Baking —drying—heatin: 
— cooking — pasteurizing — soaking — chem- 
ical action—etc. 
With Speed-Trol you get the maximum in 
production, plant efficiency, quality & profit. 





20-page illustrated catalog... | 
Sterling Speed-Trol, Slo-Speed, | 
Klosd and Klosd-Tite Electric | 
Power Drives. Write for catalog | 
No. 1-A-424. 








TERLING 


ELECTRIC MOTORS 





Piants: New York City 51; Chicago, ms 
Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and distributors in all principal cities 
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You’ll find the machining characteristics of B&W Mechanical 
Tubing make it adaptable for turning out hollow cylindrical 
Parts with any type of machine tool on mass production or 
jobbing basis. You can get this versatile tubing in grades, tem- 
Pets, finishes and sizes to suit any combination of production 
Conditions and product specifications. And no matter what 
analyses you need—carbon, alloy or stainless steels—to get the 
desired physical properties in your finished machined parts, 
B&W can supply them. 


You'll find Mr. Tubes—your nearby B&W Tube Representative 
—4 good man to consult when you need help in determining the 
best available mechanical tubing for your specific requirements. 
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THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 
Beaver Falls, Pa.— Seamless Tubing; Welded Stainless Stee! Tubing 
Alliance, Ohio—Welded Carbon Stee! Tubing 


TA-1751(M) 
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Wherever shear, 
stress or vibra- 
tion is encountered, 
CHANDLER cold forged 
metal fasteners assure 
perfect performance. 
Uniformly accurate, 
they speed assembly 
operations. 

The quality and pre- 
cision of CHANDLER cap 
screws can be meas- 
ured by their wide use 
in major industries. 
CHANDLER fasteners 
are used by leading 
manufacturers of gaso- 
line, jet and diesel en- 
gines designed for auto- 
mobiles, aircraft and 
heavy equipment. 

Whatever your 
requirements, specify 
CHANDLER precision 
cold forged cap screws. 

® Grinding to Close 

Tolerances 
® Drilled Heads or 
Shanks 





1304-CH 


j 
TIT 


Specialists in Thread- Rolling 
After Heat Treating 









1494 Chardon Road, Cleveland 17, Ohio 
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small screw slotting. Interchange- 
able pulleys make possible a range 
of speeds up to 7000 rpm. Powered 
with 14-hp, single-phase motor; op- 
erates on 110 v, 60-cycle ac. Set-up 
block measuring 3% by 9 by %-in. 
high is machined with keyways on 
top and bottom at right angles. 
Single slide table with large dove- 
tail ways and adjustable gibs per- 
mits 4 in. travel with plastic handle 
lever and has adjustable stop at 
both ends to limit travel. A % or 
1-in. arbor and draw bar are used 
for end mill holders and arbors. 
Attachments for s»ecific jobs avail- 
able. Base is 11 by 18 in. Viking 
Industries, Rockford, Il. 


Rolling Machine: No. 490 series 
has maximum capacities of 114 to 
31% ips pipe or conduit; 134 to 4 
in. OD steel tubing. Features fast, 
repeat positioning roll adjustment. 
When initial setting of bending 
roll is completed, reindexing is 
controlled by hydraulically actu- 
ated toggle mechan‘sm. Pitch roll 
attachment on fixed drive roll pro- 
vides means to obtain pitch desired 
in a coil. Initial bend may be start- 
ed anywhere along length of ma- 
terial. Pipe or tube may be thread- 
ed on each end prior to rolling. 
Short radius bends can be made 
in rigid material in one pass 
through rolls. Wallace Supplies 
Mfg. Co., Chicago, Ill. 


Profile Mill: Hydro Micro-Tel 
has tracer attachment. Automatic 
dynamic support leveling keeps 
table level automatically with re- 
moval of metal. Mill has automatic 
gib locking-devices. Pressure can 
be exerted on gibs, while in move- 
ment, to produce close tolerances. 
Hydraulic tracing is accurate to 
0.001-in.; electronic tracing or pro- 
filing, to 0.0002-in. Spindle speeds 
selective, 0 to 2800 rpm; table and 
vertical travel selective, 0 to 200 
in. per min. Selective spindle pow- 
er feed and depth control to 0.0001- 
in. Working surfaces are 30 by 96 
and 30 by 126 in. DeWitt Lewis 
Co., Wayne, Mich. 


Slide Feed: For punch presses. 
Operates off press crankshaft, con- 
verting hand-fed presses to auto- 
matic operation. Maintains accur- 
ate feed on long or short runs 
without overthrows. Double feed 
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Concentration 4 
for Quality | 


Since 1919 Curtis has con- © 
centrated on the manufac- 
ture of only one line — 


CURTIS universat soints 


As a result, Curtis research, 
production and quality con- 
trol techniques have pro- 
duced the widely accepted ~~ 

Curtis standards — and the 
world’s best universal joints. 






the only 
Universal Joint 
with the 


Ps, 


Telia 9 Lock Ring 









ONLY CURTIS OFFERS ALL 
THESE ADVANTAGES 


Availability — 14 sizes always 
in stock; bored or unbored hubs. 
6” hub diameter joints or special 
machining to specifications. 
Simplicity —fewer parts, simpler 
construction. 

Government Tests — complete 
equipment for government tesis 
in our plant. 


Not sold through distributors; 
write direct for free engineer- 
ing data and price list. 


TRADE Cc MARK 


UNIVERSAL JOINT CO., INC. 


5 BIRNIE AVENUE 
SPRINGFIELD, MASS. 


As near to you as your telephone 
A MANUFACTURER OF 


ED UNIVERSAL JOINTS SINCE 1919 
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26 types and 5,850 sizes 


=as near as your telephone 


VERY so often, a machinery maker comes to 

the Timken Company for help with a very 
special bearing application. Something, he’s 
pretty sure, we’ve never encountered before. 


Almost always, we’re able to give hima pleasant 
surprise. In over 50 years of helping manufacturers 
with special bearing problems, all the while im- 
proving our designs, we’ve produced an aston- 
ishing variety of tapered roller bearings. So many 
sizes and shapes that the “new” bearing has usually 
already been designed and made by the Timken 
Company. So many that the “new” design problem 
has usually been already solved with the help of 
Timken Company engineers. 


If the people who buy the machines ever have 


occasion to replace a Timken® bearing, they get 
the same kind of pleasant surprise. Even when a 
machine’s very old, they can almost always get 
immediate delivery on Timken bearings for 
replacement. 


Be sure that every bearing you use in the ma- 
chines you buy or build is stamped with the trade- 
mark “Timken”. The Timken Roller Bearing 
Company, Canton 6, Ohio. Canadian plant: St. 
Thomas, Ontario. Cable address: ‘“‘TIMROSCO”’. 


TIMKEN 


TAPERED 
ROLLER 
BEARINGS 





Sg 
WOT JUST A BALL) NOT JUST A ROLLERO— THE TIMKEN TAPERED ROLLER BEARING TAKES RADIAL()) AND THRUST-~())~ LOADS OR ANY COMBINATION i: 
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Molded Nylon cap pro- 


Terminals are hermetically 
tects the terminals. 


sealed by exclusive process 
developed for Cannon's widely 
acclaimed hermetically sealed 
electric connectors. 










Molded ‘“‘Silcan’’ cap 
protects the return 
spring and plunger end. 













Insulation test: 1000v ac 









Silver brazed seals. 





The armature (plunger) and the 
anvil are high quality annealed 
Armco magnetic ingot iron. 
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TRUE 


hermetic sealing 
in this new 























CANNON (Cc 
SOLENOID 





For pressurized or corrosion resistant 
service, Cannon's dc Solenoids offer posi- 
tive hermetic sealing, sound construction, 
painstaking workmanship and high- 
est quality materials. A vitreous insulat- 
ing material is heat-fused to shell and 
contact terminals, creating a perfect seal. 
Other parts are silver brazed. The en- 
tire solenoid is then copper-nickel-chrome 
plated to insure complete coverage, high 
corrosion resistance and long, trouble-free 
service. Solenoid No. 19760, above, the 
first hermetically sealed product of this 
type, is built for continuous duty on 28v 
dc systems. Fitted with other coils, it 
renders intermittent duty as characterized 
by the chart at right. Cannon’s hermeti- 
cally sealed solenoid series reflects the 
same uncompromising attention to details “a Ya % 1 
of sound design, engineering and work- SOLENGID STROKE (INCHES) 

manship that has made the name “Can- 
non” synonymous with “quality” for more 
than 38 years. For complete information 
write for new Solenoid Bulletin DCS4- 
1953 showing 105 different assemblies. 


GAL Yond GAs 


Since 1915 


TRACTIVE FORCE (POUNDS) 





Solenoids of the hermetically sealed 
19760 series, through modification of the 
coil windings, can meet various charac- 
teristics and specific applications within 
the limits indicated above. 


~ Tgem 


CANNON 
ELECTRIC 





CANNON ELECTRIC COMPANY, LOS ANGELES 31, CALIFORNIA 

Factories in Los Angeles, Toronto, New Haven. « Representatives in ~-‘~cipal 

cities. Address inquiries to Cannon Electric Company, Dept. 
_ Angeles 31, California. 


85, Los 





| 
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stops outside guide rods prevent 
interference with stock. Carbide- 
tipped gripper blade is adjustable 
vertically for hairline setting. li 
locks positively, allowing gripper 
to be engaged or disengaged with- 
out loss of adjustment. Available 
in various sizes to feed from front 
to back and back to front. Cooper 
Weymouth Inc., Bridgeport, Conn. 

Hydraulic Gap Press: Model 
220G, with 20-ton capacity, per- 
forms forming, drawing, bending, 
forcing, straightening, riveting, up- 
setting, piercing, crimping, and 
staking operations. Has motorized 
hydraulic system. Gap is 10 in.; 
platen size, 12 by 17 by 2% in. 
Equipped with pressure gage and 
adapter. Tool shank is 2 in. ID, 2 
in. deep. Floor space required, 22 
by 36 in. Ram speed and stroke 
control made to _ specifications. 
Studebaker Machine Co., Maywood, 
Til. 


Sheet Metal Fabricator: Heavy- 
duty Model 10-C punches, notches 
and nibbles. Throat depth is 27 in. 
with back gage installed and 30!+- 
in. without back gage. Punch as- 
sembly holder arm swings to the 
right for interchanging punches, 
reducing setup time. Punches and 
dies are automatically aligned by 
holder which permits punching 
holes up to 3% in. in diameter. 
Work table is 56 by 37 in. Hydra- 
New-Matic head operates with lit- 
tle vibration and noise at 165 
strokes per minute. Ram load is 
directly on frame, _ eliminating 
bending stress on drive shaft. 
Wales-Strippit Corp., North Tona- 
wanda, N. Y. 

Lathe: Simplex 20-in. model has 
hardened and ground spindle wit! 
American standard spindle nos. 
Lead screw is ground, has split nu 
and no backlash. Features Ga) 
Bed which swings to 30 in. and 
of reinforced, removable blo 
type. Norton gear box is fitt 
with spline shafts and incorporate 
Shear-pin safety device, giving fu 
range of American and metri 
standard threads. Available wit! 
60 and 78 in. distance betwee! 
centers. Morey Machinery Co. Inc. 
New York, N. Y. 

Gear Shaver: Handles gears 
from 30 to 180 in. in diameter. Er- 
rors in tooth profile are reduced to 


MACHINE DESIGN—September 1953 











American Felt 
Company 






MARK 


GENERAL OFFICES: 22 GLENVILLE ROAD, GLENVILLE, CONN. 


SALES OFFICES: New York Boston, Chicago, Detroit, Cleveland, 
Rochester, Philadelphia, St. Lovis, Atlanta, Dallas, San Francisco, 
los Angeles, Portland, Seattle, San Diego, Montreal — PLANTS: 
Glenville, Conn.; Franklin, Mass.; Newburgh, N. Y.; Detroit, Mich.; 
Westerly, R. 1. — ENGINEERING AND RESEARCH LABORATORIES: 
Glenville, Conn. 
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“WORK CLOTHES” SOLVE TOUGH SEALING PROBLEMS 





Seal off your sealing worries with felt “work clothes!” 
Above is an OilFoil seal, used as protective “work 
clothes” in many machines. It consists of two layers of 
felt, bonded with three septums of Hycar, the synthetic 
rubber-like substance that is impervious to and un- 
affected by oils, greases and the hydrocarbons used in 
hydraulic systems. Such washers can have one, two, or 
three septums, to keep fluids in and seal out water, dust, 
dirt, gases, and retain pressures. If there is no enclosed 
lubricant, the felt can be impregnated with oil or 
grease, to provide long-time lubrication. OilFoil seals 
are supplied cut to exact dimensions, ready for assem- 
bly. For more information, write for Data Sheet No. 11, 
“Felt Seals, Their Design and Application.” 








depend on 
the rugged 


MARK-TIME 
“5400” Bell 
Time Switch 


SPECIFICATIONS 


UL approved for 20 ampere, 125 
volt, 1 HP of 10 ampere, 250 volt 
operation, AC only. Timings 
available from 60 seconds to 

lormally supplied with 
center stud mounting. Other 
mountings available on request. 


This Mark-Time switch is built to uphold 
the reputation of your product. Install it 
in your appliances, devices or machines, 
and give your customers a double. 
purpose time switch. "5400" turns OFF 
the circuit at the end of a pre-set time 
period. ..and gives a clear warming 
bell signal. Your customers will like that 
double servicel 


“5400” has a wide range of applica- 
tions . . . is available with a wide variety 
of modern dials and knobs. . . can be 
supplied as an “ON” type of unit on 
special order. 


Write today for full details and prices. 


‘Me x 


IMARK- TIME} 


M. H. RHODES, INC. 


HARTFORD, CONNECTICUT 


Manufactured and sold in Canada by 
SPERRY GYROSCOPE OTTAWA, Limited 
3 Hamilton St, Ottawa, Ontario, Canada 
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a tolerance of 0.0002-in. and index 
or pitch errors are reduced to 
0.0003-in. Saddle traverses in both 
directions and has stationary feed 
screws anchored at both ends. 
Headstock has two spindles, 40 in. 
between centers. Cutter head as- 
sembly includes two cutter slides 
with a journal alignment checker 
etween them. Both are provided 
with power traverse and have pre- 
cision, antifriction spindles. Ma- 
chine weighs approximately 115 
tons; is 24 ft long, 25 ft wide and, 
including large work gear, rises 
18.5 ft above concrete foundation. 
National Broach & Machine Co., 
Detroit, Mich. 


Precision Grinder: Model AP 
produces keen cutting edges and 
exact angles on carbide, stellite 
and high-speed steel cutting tools. 
Tools are rocked back and forth 
across entire wheel face, eliminat- 
ing scoring and grooving of wheels. 
All front, side and top angles can 
be set precisely in both vertical 
and horizontal planes. Feed is con- 
trolled by a micrometer feed knob, 
graduated in thousandths of an 
inch. One side of grinder has an 
indexing table which remains fixed 
in set position without locking de- 
vices. Wheels can be vitrified or 
diamond. Available in bench and 
floor types for either wet or dry 
grinding. Thomas Prosser & Son, 
New York, N.Y. 

Straightener: Sutton 214L 
straightens steel and nonferrous 
flats and shapes at speeds from 
100 to 1000 fpm. Has large roll 
shafts on close centers. Adjusting 
screws are overhung for greater 
stability when straightening larger 
sections. Will straighten squares 
from 5/16 to 1% in., hexagons 
from 5/16 to 2 in. and flats up to 
3 by 5/8-in. Both vertical and hori- 
zontal straightening units adjust 
by means of pushbutton control of 
motor-driven screws. Roll adjust- 
ments are made manually by hand- 
wheels which are locked in position 
when machine is set up. Spring- 
loaded pinch rolls at entry ends 
provide positive feeding. Sutton 
Engineering, Bellefonte, Pa. 

Pointing Machine: Built in four 
sizes for cold pointing tubes and 
bars of steel and nonferrous metals 
up to 6 in. in diameter. Four dies 


| 


How Do 
You Buy 
Bearings? 


Do you get a 
MONEY-BACK 
GUARANTEE OF 
LONGER SERVICE 
AND LOWER 
MAINTENANCE 
COST? 


You do when you buy 


BEARINGS 
BUSHINGS 
WEARING PARTS 


Machined or rough cast 
American Crucible methods, 
experience, know-how and 
equipment save you real 
money. Castings to your pat- 
terns-—-any size, shape or sec- 
tion up to 3,000 Ibs. Pattern 
making, de-igning and ma- 
chining. 


PROMET 
BRONZE BAR STOCK 


Round, solid, tubular. Rough 
east or fully machined. Cored 
stock, all sizes (by %” steps) 
from %” minimum core to 
26” O.D, 13” lengths or less. 
6 grades of hardness. 

Write for literature or send 
blueprints, conditions of op- 
eration and other data for 
quotations and recommenda- 
t.ons as to alloys. 


THE 
AMERICAN CRUCIBLE 
PRODUCTS CO. 


1321 OBERLIN AVE. 
LORAIN, OHIO, U.S.A. 
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are mounted in a fixed spindle head 
and therefore cannot revolve. A 
eage of annular rolls revolves 
around spindle head, blows being 
transmitted to dies through ham- 
mer blocks. Inner track of rolls is 
spindle head, outer track being 
fixed in flywheel. Taper wedges be- 
tween dies and hammer blocks take 
up die wear. Amount of die open- 
ing is controlled by parallel cotters 
inserted in the side of hammer 
block and spindle head die slot. 
Stop, operated from rear, controls 
length of point. Steel tubes up to 
2 in. diameter, nonferrous tubes up 
to 214 in. diameter and aluminum 
tubes up to 3 in. diameter can be 
pointed manually. Power feeders 
are hydraulic and fitted with an 
oscillating hydraulic self-centering 
vise. Etna Machine Co., Toledo, O. 


Processing 


Recirculating Oven: Model DRF- 
30 has 30-in. wide, 24-in. deep, 24- 
in. high chamber. Prime heat 
source is a bank of thin stripped 
heaters located in housing around 


insulated chamber. Operates at 
temperatures from 0 to 550 F. Out- 
side air may be injected into the 
circulating system by means of an 
adjustable vent. Connected load is 
6 kw, 220 v, 60 cycles, single phase. 
Pereny Equipment Co., Columbus, 
0. 


Washer: Air-powered unit au- 
tomatically cleans small parts. Os- 
cillating turntable is submerged in 
cleaning solution and parts are 
placed in a perforated basket which 
rides on turntable. Speed varies 
from 0 to 240 oscillations per min- 
ute. Motor is operated by air pres- 
sures from 30 to 120 psi. Unit is 
30 in. high; weighs 170 lb. Kelite 
Products Inc., Los Angeles, Calif. 


Painting Machine: Automatic, 
single-spindle unit can be used in 
most standard spray exhaust 
booths. Dial regulates’ spindle 
speed from 100 to 400 rpm; an- 
other controls duration of spray 
gun operation. Spindle and guns 
are activated by a foot pedal but 
stop automatically as _ predeter- 
mined by dial settings. Spray guns 
can be mounted on each of four 
corners of machine. Conforming 
Matrix Corp., Toledo, O. 
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This valve of unique and practical design has 
proved itself in the past seven years to have 
extreme endurance and reliability. Important 
parts are stainless steel and no gaskets are 
used whatsoever. All.parts silver brazed for 
rigidity. Look no further for a solenoid valve 
that will give years of trouble free, efficient 
service. Write today for full information. Sam- 
ples available for inspection and test. 


IMPORTANT FEATURES: 


All brazed construction 

No mounting brackets 

Weight 5 ounces 

Positive seal at any pressure 

Operates in any position 

Operates upto 1000 cycles per minute 
Power consumption 1 to 3 watts 
Pressure up to 200 p.s.i. 

Straight through flow 


Specialty 
PRODUCTS CO., INC, 


3725 Monitor Ave. 
Minneapolis 16, Minn. 
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CARAVAN 
AXLES 





feature 


AUTOMOTIVE 
STEERING 


a Only CARAVAN 
axles with automotive steering 
assure dependable roadability 
on both highway and rough 
ground. For positive trail at high 
speeds, these job-engineered 
assemblies feature controlled 
camber, tow-in and caster. 
Stability for the heaviest loads 
is provided by massive center 
steering arm, extra-heavy cen- 
ter arm stop blocks and heavy 
duty steering knuckle. Wide 
inside wheel turning angle as- 
sures maximum maneuverabil- 
ity and eliminates jack-knifing. 
CARAVAN units are available in 
a variety of types and sizes in 
both 2 and 4-wheel assem- 
blies for portable equipment 
weighing from 500 to 14,000 
Ibs. They are recommended for 
use with military and industrial 
as well as field service and con- 
struction equipment. 1123-UM 


Write today for the new Bulletin 
No. 53 for further information. 


UNITED 


MFG. COMPANY 
¥i4 INTERSTATE ST. * BEDFORD, OHIO 
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LOR Mounts have be- 


come a vital part 
of the Automotive and Avia- 
tion Industries during the past 
quarter century. The vast res- 
ervoir of experience as a prime 
supplier is of great practical 
value to design engineers of 
today. Thousands of Lord 
Mounts protect the most sen- 
sitive instruments and the most 
rugged of component parts 
from shock and vibration. 
Shown here are a few typi- 
cal Lord applications used in 
wide diversity in the industry. 
We welcome the opportunity 
to help you with your shock 
and vibration problems. 














te 
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BURBANK, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
233 South Third Street 413 Fidelity Union 725 Widener Building 410 West First Street 
Life Building 
DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO 
3: Curiis Building 280 Madison Avenue 520 N. Michigan Ave, Room 8-lHannaBuilding 
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Advertisement 


Lord Bonded-Rubber 
Products Set Standard In 
Vibration and Shock Control 
For Over Twenty-Five Years 


In the field of technical analysis 
and engineering to “design out” 
destructive factors set up in the 
machines of industry by vibration 
and shock, Lord Manufacturing 
Company continues to pioneer and 
set the pace for precision made vi- 
bration control mountings and 
bonded-rubber parts. 

Years of experience in mounting 
aircraft engines and airframe com- 
ponents enable Lord Engineers to 
help industrial equipment designers 
in obtaining smoother operation, 
longer service life and increased 
safety in their machines. 

Lord Engineers draw from some 
27,000 basic designs and their varia- 
tions to solve many vibration and 
shock problems referred to them by 
machine designers, Add to this the 
continuous research engineering 
available from the company’s com- 
plete laboratories, and it becomes a 
matter of near impossibility to pre- 
sent a vibration problem which can- 
not find soluton in the Lord Organi- 
zation. The scope of Lord Design 
and Precision Manufacture covers 
Vibration Control Mountings for 
aircraft engines and components in 
both tl. internal combustion and 
jet field, delicately balanced and 
precisely assembled units of ac- 
counting machines, electronic equip - 
ment, instrument panel mountings, 
shipping case mountings for the pro- 
tection of sensitive machines in 
transit. 

Designers of home appliances use 
Lord bonded-rubber parts for fan- 
hubs, flexible couplings and special 
components for washing machines. 
room air conditioners, mixing and 
juicing devices. Lord Flexible Cou- 
plings are used in the mechanism 
which operates motorcar windows 
and convertible tops. The turbine 
engine for heavy duty motor truch 
transport, a recent development o! 
the Boeing Airplane Company, is 
connected to the power transmissio1 
by a special Lord Flexible Coupling 
and the engine itself is supportec 
on Lord Mounts. Lord Engineering 
and Precision Manufacturing facili- 
ties are available to business and 
industry wherever Vibration and 
Shock Isolation problems require a 
precise, accurate and inexpensive 
solution, 
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Advertisement 
Lord Vibration Control 
Mountings . . . The Most 
Effective Protection For 
Electronic Equipment 

In the rapidly advancing field of 
electronics, the control of destructive 
vibration and isolation of damaging 
shock are prime factors in the con- 
sideration of design engineers. Lord, 
Headquarters for Vibration Control, 
is constantly working with electron- 
ics engineers to improve the methods 
for protecting sensitive mechanisms. 

For instance, Varo Static Con- 
verters which change alternating to 
direct current for aircraft with less 
than 1% voltage ripple are pro- 
tected against shock and vibration 
by Lord Mountings. High fidelity 
Audio frequency electronic equip- 
ment such as Collins Radio Com- 
pany manufactures is protected from 
vibration and shock through the use 
of Lord Mountings, The 212A-1 
Broadcast Station Speech Input 
Console by Collins requires 28 Lord 
square Plate Form Mountings to 
protect each amplifier stage individ- 
ually. This prevents mechanical in- 
teraction between stages and lessens 
acoustical feed-back effects. 





“ 


Again the Agnew Spark Plug 
Welder by Agnew Electric Company 
uses Lord Mountings to support the 
electronic weld timers to prolong the 
useful service life of Mercury Vapor 
Tubes. . 

Lord Mountings, which you see 
illustrated in the accompanying ad- 
Vertisement, are used in a wide 
diversity of applications to protect 
electronic equipment and sensitive 
instruments. Business mnachines and 
such sensitive mechanisms, the accu- 
tacy of which must be perfect, are 
improved in operation and protected 
from damaging vibration and shock 
by Lord Mountings. 

‘The Lord Manufacturing Com- 
pany, Erie, Pa., offers a vast reser- 
Voir of recorded experience in the 
solution of vibration and shock 
Problems. Your request for help on 
your own problem is welcomed. 





ee 
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RATION and shock are natural enen 
equipment and precision instruments . . . To control the damage 
which these enemies can do, Lord Vibration Control Mountings 
and Bonded Rubber Parts are used to very profitable advantage. 
More than a quarter century’s experience in dealing with vibra- 
tion and shock is yours when you take advantage of Lord engi- 
neering assistance. The result of such consultation is full pro- 
tection for electronic units and sensitive instruments by correctly 
designed and precisely manufactured Lord Mountings and 
Bonded-Rubber parts. 
SAE National: Aeronautic Meeting, Hotel Statler—Booih 21 
Los Angeles, California, Sept. 29—Oct. 3, 1953 
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available 
for over 


COMBINATIONS 


of door 
and frame 
thicknesses 


Hartwell Trigger-action Flush 
Latches are produced in over 300 
stock combinations of bolt and 
trigger offsets. We can supply a 
latch for any door of any thickness 
to be latched in a frame of any 
thickness to your specifications. 

No altering of panels and frames 
is necessary when Hartwell Flush 
Latches are installed. Offsets of 
bolt and trigger are stamped on 
each part for rapid and accurate 
selection of the correct latch 


for each installation. 


All Hartwell Flush Latches and 
Hinges are the result of over a 
decade of continuous specialized 


design and manufacture. 


Write for new 
Flush Latch and 
Hinge Catalog. 





HARTWELL 


COMPANY 


9035 VENICE BOULEVARD, 
LOS ANGELES 34, CALIFORNIA 
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Theodore F. Eser- 
kaln has been ap- 
pointed chief engineer 
of the Kempsmith 
Machine Co., Milwau- 
kee. He will direct an 
accelerated program 
of engineering devel- 
opment. Mr. Eserkaln 
has long been associ- 
ated with the design 
of milling machines. 
For many years he 
was assistant chief 
engineer of the Kear- 
ney and Trecker 
Corp., where he su- 
pervised the develop- 
ment of equipment 
for high-speed carbide milling. More recently he served 
as director of engineering at the George Gorton Ma- 
chine Co. A graduate of the University of Wisconsin 
in mechanical engineering, Mr. Eserikaln has been a 
member of the Machine Design Committee of ASME 
for some years and has been active as a consultant 
on machine design and production problems, having 
lectured on such subjects at several universities. 





Theodore F. Eserkaln 


° 


The Reliable Spring & Wire Forms Co., Cleveland, 
has appointed John B. Malloy to the position of chief 
engineer. Since 1929 Mr. Malloy has been associated 
with the Bethlehem Steel Corp., Republic Steel Corp., 
Wheeling Steel Co. and the Cuyahoga Spring Co. 


° 


Frank S. Schindler has been appointed assistan‘ 
chief engineer of Fluid Controls Inc., Mentor, O. He 
has served in engineering and supervisory positions 
with Brainard Steel Co., Flexonics Corp. and Spence: 
Mfg. Co. In his new position, Mr. Schindler will cc- 
ordinate the functions of all company departments 

+ 

New manager of application engineering at th 
Gearing Div. of Westinghouse Electric Corp., Pitts- 
burgh, A. Morton Cooper succeeds G. H. McBride, wh 


has been appointed assistant manager of the com 
pany’s Switchgear Div. at East Pittsburgh. 


. 


High Vacuum Equipment Corp., Hinghsm, Mass. 
has appointed Glen Mellen to the position of chie! 
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Eaton Permanent Mold 
Gray Iron Castings- 
















r 


Send for your free copy of the 32-page illustrated booklet: 
“The Eaton Permanent Mold Foundry.” It tells the story of 
Permanent Mold Castings and takes you on a picture-tour of 
the Eaton Foundry at Vassar, Michigan. 


EATON MANUFACTURING COMPANY 
General Offices: CLEVELAND, OHIO 
FOUNDRY DIVISION: 9771 FRENCH ROAD DETROIT 13, MICHIGAN 





rad PRODUCTS: Sodium Cooled, Poppet, and Free Valves ® Tappets * Hydraulic Valve Lifters ® Valve Seat Inserts ® Jet 
Engine Parts ® Rotor Pumps ® Motor Truck Axles ® Permanent Mold Gray Iron Castings ® Heater-Defroster Units ® Snap Rings 
Springtites « Spring Washers ® Cold Drawn Steel * Stampings * Leaf and Coil Springs * Dynamatic Drives, Brakes, Dynamometers 
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ENGINEERING ABILITY 


Stopped the problem cold 


for this Refrigerator! 





.. . With Springs by Automatic Spring Coiling Co. 
The need was very specific— 


“Give us a spring,” this refrigerator manufacturer 
requested, “that can THINK ... so to speak. We have 
an evaporator door to the cold chest compartment 
that must respond to the touch of a finger, swing 
open to a certain angle, and stop there. It should also 
be possible to close the door with a nudge of a food- 
burdened housewife’s elbow.” 

So ... Automatic Spring Coiling Co. was called 
in and Engineering Ability came through! 

The answer ... calculated by our engineers was 
to design a spring with precisely the right build-up, 
with just the right combination of spring and wire 
diameter. In this way, not only would the spring do 
the required job—metering out its energy at the right 
rate—but also tolerances would be such that produc- 
tion could be handled with facility on our high speed 
equipment. 

Put Automatic Spring Coiling Co. to work on 


your spring problem. See how members of our | 


entire organization — consultants, designers, 
sample-makers, inspectors—swing into operation 
and click. Working as a well-integrated team 
with strict adherence to Quality Control we 
pledge ourselves to bring you the finest, most 
dependable springs to insure the successful and 
efficient performance of your product. 

Our veteran consulting engineers are ready to 
survey your requirements without obligation. 
Please write. 


AUTOMATIC SPRING COILING CO. 


4043 West Thorndale Avenue 
CHICAGO 30, ILLINOIS 
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development engineer. He was project engineer at 
the MIT Lincoln Laboratories and previously served 
as special project engineer on balloon instrumenta- 
tion for General Mills, as research engineer on elec- 
tromagnetic devices and digital computers for Control 
Engineering Corp., and, from 1943-1950, as a member 
of the research staff of National Research Corp. 
From 1948 to 1950 he was director of the National 
Research applied physics department. 


e 


James J. Black has been named vice president of 
engineering of Trailmobile Inc., Cincinnati. Mr. Black 
joined the company in 1931 and the next year be- 
came chief engineer for the Highland Body Co., a 
Trailmobile subsidiary. In 1934 he was named chief 
engineer for both companies. 


. 


Election of W. Walter Watts to vice president in 
charge of technical products and Theodore A. Smith to 
vice president in charge of the engineering products 
department has been announced by the RCA Victor 
Div. of Radio Corp. of America, New York. Previous- 
ly vice president in charge of the engineering products 
department, Mr. Watts will supervise the activities of 
both that department and the tube department of the 
Victor Div. Mr. Smith was previously assistant man- 
ager of the engineering products department. 


° 


Fay Carlson has been named manager of the qual- 
ity control department of the Warner Electric Brake 
& Clutch Co., Beloit, Wis. Mr. Carlson was formerly 
director of quality control at Sunstrand Machine Tool 
Co. 


Formerly staff engineer, John N. Wolfram has been 
named to the new post of administrative engineer at 
the Parker Appliance Co., Cleveland. 


e 


John F. Haller was recently elected vice president in 
charge of engineering of Allied Products Corp., De- 
troit. He will continue to direct the development work 
of Michigan Powdered Metal Products Co. Inc., 4 
wholly-owned Allied subsidiary. 


Associated with the Nichols Wire & Aluminum Co., 
Davenport, Iowa, for 30 years, M. J. Fey has been 
promoted to the position of executive engineer. His 
new duties will include supervision of development 
and design. 

¢ 


Sylvania Electric Products Inc., New York, has ap- 
pointed E. Finley Carter technical director and How- 
ard L. Richardson in charge of engineering operations. 
Mr. Carter has been a vice president since 1945, and 
Mr. Richardson, since 1€51. In his new capacity, Mr. 
Carter will furnish technical counsel to the company § 
management and engineering groups and will handle 
broad technical relations with industry, universities, 
the armed services and other organizations. Mr. Rich- 
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The beaver’s building skill captures the imagination of 
engineers and naturalists alike. This industrious animal is 
undoubtedly the “‘woodland’s greatest hydraulic engineer”’ 
In constructing dams and lodges, he cuts down small trees, 
dragging them into the water. Stripped of bark, these sticks 
and poles are shoved endwise into the dam or lodge structure. 
Stones are pushed or carried to the site and wedged into 
place, while mud is scooped up from the pond bottom and 
placed in crevices much like mortar. Beaver dams may be 
from 30 to 80 feet wide, and usually are strong enough to 
walk across. Lodges—often 20 feet in diameter—are built of 
interlocked sticks, stones and mud. This watertight con- 
struction may actually be the forerunner of modern reinforced 
concrete—another lesson man has learned from nature. 















WOODLAND’S GREATEST HYDRAULIC ENGINEER 


Many products have design features requiring a hydraulic seal with special properties in addition 
to close tolerances and extreme uniformity. If yours is such a product, you’ll want to know more 
about injection molded Minnesota O-Rings. Available in numerous compounds of natural or 
synthetic rubber, Minnesota O-Rings have great tensile strength, extreme capacity for pressure, 
and high resistance to compression set, abrasion, and oil swelling. Check these examples of success- 
ful installations in air, gas, and hydraulic systems: dispensing mechanisms . . . hydraulic rams and 
valves . . . air cylinders . . . remote control mechanisms . . . spraying equipment . . . gasoline and 
steam engines . . . and water pumps. Minnesota O-Rings are the choice of industries leading engi- 
neers and product designers. For prompt analysis and quotation on your requirements, send us 
your blue prints or specifications. 


INJECTION MOLDED MINNESOTA O-RINGS 






Minnesota Rubber’s exclusive injection molding process 
produces O-Rings and other small rubber parts to meet 
extreme uniformity and tolerance requirements. . 

and at low average prices. Send for bulletin on injection 
molded Minnesota O-Rings. 








SERS MINNESOTA RUBBER & GASKET CO. 


3630 Wooddale Ave. © Minneapolis 16, Minn. © Phone Whittier 6511 





AFRUATED WITH MINNESOTA SILICONE RUBBER CO. + OFFICES IN PRINCIPAL CITIES 
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Radiator sections 
emerging from clean- 
ing machine after 
brushing on both sides 
by two assemblies 

of 12 Pittsburgh 
Brushes. 


Pittsburgh Brushes 
can help you solve 
problems like these! 


Cleaning Narrow Spaces—National Radiator 
Company, Johnstown, Pa., cleans 30,000 radiator sections 
a week! To insure a perfect final finish, even the narrow- 
est spaces must be absolutely clean prior to assembly. 
Pittsburgh engineers were asked to design a brush that 
would reach these spaces and would fit National’s existing 
machine. Successful? National reports: “Pittsburgh Brushes 
do a better job of cleaning and are more economical.” 


Preparing Chills— at Continental Foundry & 
Machine Co., East Chicago, Indiana, chills used to cast 
iron rolls must be cleaned of the oxidized metal remaining 
from previous usage, as well as dirt and grease accumu- 
lated in storage. After experimenting with other brushes, 
Continental chose Pittsburgh because they “do the job 
better and stand up longer than any previously used.” 


Improving Original Equipment— The Sommer 
and Maca Glass Machinery Co., Chicago, Illinois, uses 
Pittsburgh Brushes in the automatic washing machines 
they manufacture. Brushes formerly used simply didn’t 
have the over-all density pattern needed. Pittsburgh engi- 
neers studied the problem and designed a brush which 
Sommer and Maca approved “because of (its) denser 
bristle pattern and lower cost.” 


WRITE TODAY FOR FREE BOOKLET! 


Write today for a free copy of our booklet that 
shows, through ectual case histories, how Pittsburgh 
cuts brushing costs. Address: PrrrspurGH PLATE 
Grass Company, Brush Div., Dept. W-5, 3221 
Frederick Ave., Baltimore 29, Maryland. 


PITTSBURGH 


Fewer’ Vriven 


BRUSHES * PAINTS * GLASS * CHEMICALS * PLASTICS 


PITTSBURGH PLATE GLASS COMPANY 
IN CANADA: CANADIAN PITTSBURGH INDUSTRIES LIMITED 
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ardson assumes the operating responsibilities previ- 
ously held by Mr. Carter as vice president in charge 
of engineering. 


° 


Warner Livingston was recently named assistant 
general manager of the Stratos Div. of the Fairchild 
Engine and Airplane Corp. in Bay Shore, L. I., N. Y. 


+ 


Trans-American Precision Gear Corp., Flushing, 
N. Y., has appointed Alexander Yorinks as director of 
engineering. Formerly supervisor of mechanical en- 
gineering at Airborne Instruments Laboratory Inc., 
Mr. Yorinks has also been affiliated with Reeves In- 
struments Corp., Sperry Gyroscope Corp., Bendix Avi- 
ation Corp. and E. W. Bliss Co. in the development 
of precision gears and instrumentation in the electro- 
mechanical field. 


¢ 


Harold W. Pope, formerly chief engineer of Con- 
vair’s Guided Missile Div, in San Diego and Pomona, 
Calif., has been elected an’associate of Sanders Asso- 
ciates Inc., Nashua, N. H. He will direct guided mis- 
sile and aeromechanical activities. 


7 


Newly appointed manager of product design and 
engineering for Polaroid Corp., Cambridge, Mass., 
Murry N. Fairbank will direct the activities concern- 
ing the engineering and development of the firm’s new 
photographic and optical products, including new 
models of the Polaroid picture-in-a-minute camera, 
special adaptations of the Land 60-second process to 
military devices, and a variety of optical products. 
Mr. Fairbank was associated with Bendix Aviation 
Corp. before joining the Polaroid research depart- 
ment in 1939. 


¢ 


Formerly associated with the Atomic Energy Com- 
mission, Arthur V. Peterson has joined the staff of the 
vice president in charge of engineering of American 
Machine & Foundry Co., New York. He will concen- 
trate on expansion of the company’s activities in the 
atomic energy field. 


¢ 


Robert J. Stahl, formerly chief engineer of Color 
Television Inc., has joined Dalmo Victor Co., San Car- 
los, Calif., as consulting engineer. 


+ 


Specializing in special machine design and provid- 
ing consulting services to the paper, paper convert!g 
and printing industries, John B. Kohler has opered 
offices at 218 Woodstock St., Crystal Lake, Ill. 


. 


Acme Steel Co., Chicago, has announced the «p- 
pointment of Stephen Rasul as manager of design ond 
production engineering for the company’s plant in 
Riverdale, Ill. Thomas Fullerton has been named 
chief engineer in charge of all machine design and 
production engineering activities. 
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Special Treatment Withstands 
Condensation of Moisture 
On Motor Windings at -38° 


Industrial trucks built by Crescent 
Truck Company, Lebanon, Pennsyl- 
vania, for use in the plant of Polar 
Cold Storage Company, are special- 
ly engineered for the application. 
Trucks are built with an extremely 
short turning radius to permit 
ready maneuvering in the narrow 
aisles necessary to conserve space 
in a cold storage warehouse. Spe- 
cial treatment of the windings on 
the drive and pump motors is also 
necessary to withstand condensa- 
tion of moisture with the trucks en- 
tering and leaving the 38 degree- 
below-zero refrigerated areas. 





Crescent lift trucks used in this cold storage warehouse 
are powered by Star-Kimble traction motors with wind- 
imgs treated to prevent condensation of moisture. 


Drive and pump motors for this se- 
vere service were engineered and 
built by Star-Kimble. Motors are 
of the ET type, designed for 30-volt 
Storage battery operation, and use 
Class B insulation to provide high 
capacity and compactness. 

The Class B insulation is treated 
with a varnish formulated to with- 
Stand condensation of moisture on 
the windings. The Star-Kimble 
motors on these Crescent trucks 
have been in service for periods as 
long as five years (9 hours a day), 
under severe loading conditions and 
extremes of temperature, with little 
or no maintenance. 

Information on Type ET d-c trac- 
tion and pump motors for indus- 
trial truck service is available from 
Star-Kimble Motor Division of 
Miehle Printing Press and Mfg. Co., 
201 Bloomfield Avenue, Bloomfield, 
New Jersey. 
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STARTS 


WITH STAR-KIMBLE BRAKEMOTORS 


Stopping of a Star-Kimble Brakemotor is split-second in action, pre- 
cisely timed by simple adjustments. Quiet, too — no lining screech. 
Low lining pressure, evenly distributed, assures long brake life. Brake 
is self-adjusting to compensate for lining wear — ruggedly built to 
withstand shock and vibration. 


Braking force is spring applied, magnetically released. No linkages to 
cause lost motion or friction. 


Starting of a Star-Kimble Brakemotor is smooth and free from drag. 
Small magnetic air gap assures quick brake release without high 
inrush current. 


And Star-Kimble Brakemotors maintain this fast, smooth stop-start oper- 
ation through millions of cycles with little or no maintenance attention. 
Brake and motor are designed together to work together as a single 
compact unit. One manufacturer, one responsibility — backed by 
years of experience. For details on construction, motor ratings and 
braking torques, write for Bulletin B-501-A. 


Standard and special motors of all types, 1 to 600 hp; Marine motors 
Ya to 600 hp; generators and motor-generator sets, 1 to 500 kw. 


TAR-KIMBLE 


MOTOR DIVISION OF 
E PRINTING PRESS AND MFG. CO. 






01 Bloomfield Avenue 
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HOW PALMETTO G-T RING 
“showed” 

CUYAHOGA INDUSTRIES 

its superiority in<__> 


PACKING PERFORMANCE 





This Ohio firm was “from Missouri” 
where packing was concerned 


At Cuyahoga Industries in Cleveland, Ohio, the 
Palmetto G-T Ring and a conventional packing 
were matched for performance in a Cuyahogo- 
made 600 ton Wedgelock Die Casting Machine. 
Results: The conventional packing with leather 
back-up rings extruded and had to be replaced 
within three months. Palmetto G-T Ring performed 
satisfactorily without replacement for over a year! 
When it's getting too tough for other packings, 
it's ‘just right’ for G-T Ring. 


THE KEY TO LONG SERVICE UNDER PRESSURE IS NON- 
EXTRUSION . . . THE KEY TO NON-EXTRUSION IS THE 


PalmeTTo G-T Ring 


As pressure is applied, conven- 
tional packings soon extrude into 

¥Y clearance space Y, then fail. Not 
so the G-T Ring! Because of its 
design consisting of a resilient 
sealing ring in a T-Section sup- 
ported on each side by two non- 
extrusion rings, it cannot ex- 
trude. As pressure is applied to 
the G-T Ring, the resilient mo- 
terial flows under the non-extru- 
sion rings, urging them agoinst 
the cylinder wall and blocking 
the path of extrusion. 








Tuterestiong7 


Write for your complimentary copy of the new 
Greene, Tweed manual. This helpful 32-page 
handbook for the design engineer covers Pal- 
metto G-T Packings in detail—as well as other 
noteworthy Palmetto Molded Packings. 


72 


North Wales, Pa. 
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GREENE, TWEED & CO. we 
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THE ENGINEER'S 


Library 


Recent Books 


Design of Machine Elements. By M. F. Spotts, pro- 
fessor of mechanical engineering, Northwestern Univer- 
sity; 520 pages, 6 by 9 inches, clothbound; published by 
Prentice-Hall Inc., New York; available from MACHINE 
DESIGN, $9.65 postpaid. 


A second edition, this book deals with the funda- 
mental principles required to design the separate 
elements which compose machines. Many illus- 
trations are dispersed throughout the book along 
with a large number of problems and solved ex- 
amples. Extensive bibliographies are included at 
the end of chapters. Text material covers stress and 
strain relationships, shafting, springs, screws, belts, 
clutches, brakes, welded and riveted connections, 
lubrication, ball and roller bearings, gears and gear- 
ing, miscellaneous machine elements, dimensioning 
and details, and engineering materials. 


. 


The Induction Motor. By Herbert Vickers, consulting 
engineer, London; 543 pages, 6 by 9 inches, clothbound; 
published by Pitman Publishing Corp., New York; avail- 
able from MACHINE DESIGN, $15.00 postpaid. 


The first edition of The Induction Motor was pub- 
lished in 1924. This second edition has been revised 
to incorporate modern methods and practices of ac 
machines including fractional horsepower motors. 
Emphasis has been placed on design and design prin- 
ciples. Much additional material has been introduced 
in this edition concerning single-phase machines, 
selsyns, the three-phase series and shunt commutator 
motors, a new theory of the single-phase motor, and 
the application of symmetrical components to condi- 
tions of unbalance. 


° 


Elements of Internal-Combustion Engines. By A. *%. 
Rogowski, associate profesor of mechanical engineerin, 
Massachusetts Institute of Technology; 244 pages, 6 by 9 
inches, clothbound; published by McGraw-Hill Book Co. 
Inc., New York; available from MACHINE DESIGN, $5.50 
postpaid. 


Basic theory is presented in this text for engineers 
desiring a knowledge of the factors involved in sate 
and efficient operation of various types of internal- 
combustion engines. Following the introduction 
which covers nomenclature and engine types, 2 dis- 
cussion of physical principles, air cycles, fuel-air 
cycles, and engine cycles is given, Friction, detona- 
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MAGNESIUM FINDS INCREASING 


FAVOR AS DIE CASTING METAL 


Advantages of light weight, easy machinability and competitive cost 


make Magnesium preferable for many types of die castings 


Many manufacturers are taking a new look at magnesium 
as a die casting metal. In today’s competitive markets, 
Magnesium offers advantages that can’t be overlooked. 


Take light weight. Magnesium is the world’s lightest 
structural metal. Where weight is a competitive factor, 
magnesium is the metal to use. A manufacturer of portable 
electronic dictation equipment found that nineteen cast- 
ings in zinc weighed 13 pounds, 6!4 ounces; and in mag- 
nesium, 3 pounds, 10 ounces. That’s real weight saving! 


Magnesium is well known as the easiest of all metals to 
machine. This in itself promotes economy. As an example, 
the manufacturer of a lubricating machine found that the 
cost of machining an oil reservoir cast in grey iron was 


you can depend on DOW MAGNESIUM 
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$2.05 while machining the same part cast in magnesium 
cost only 80¢. 

Cost-wise, magnesium is better than competitive in nu- 
merous applications. One large automotive manufacturer 
(an industry where cost is figured on a fractional basis) 
has found magnesium die castings to be the lowest in cost 
of any metal in a score of applications. Moreover, mag- 
nesium’s long-time record of price stability is also an 
important factor. 

Now’s a good time to take a close look at magnesium. For 
the competitive markets ahead, magnesium can offer you 
many advantages. Your nearest Dow office can give you 
up-to-the-minute information. Or write THE DOW CHEMICAL 
COMPANY, Magnesium Department, Midland, Michigan. 


























ROTARY 
SWITCHES 


Compact and Rugged for 
Motor and Heater Circuits 








‘DIAMOND H’ Series 240 


Proven performers in leading makes 
of window air conditioners, fans, 
blowers, unit heaters and similar 
equipment, “Diamond H” Series 240 
Rotary Switches are available in 2, 
8, 4 and 5 position models, with 
motor ratings and in a wide range 
of circuit variations and mounting 
arrangements, 


Long, trouble-free service life and 
peak performance result from the 
“Diamond H” slow-break principle, 
heavy silver contacts, ingeniously 
simple design and rugged construc- 
tion. Entirely enclosed for safety 
and protection of working parts. 
Conservative ratings (15 A., 125 V.; 
7% A., 250 V.; 1 h.p., 120 V.; 2 h.p., 
240 V., A.C.) provide high overload 
UL Approved. 


Send us your requirements today. 


capacity. 


® 


THE HART MANUFACTURING COMPANY 
118 Bartholomew Ave., Hartford, Conn. 














































































| The Engineer's Library 









tion, air capacity, fuel-air ratios, carburetors, spark 
ignition, and cooling are each treated in separate 
chapters. Material on compression-ignition and two- 

| stroke engines, performance, and supercharging 
makes up the last section of the book. 







| Mechanical Power Transmission Manual. By William A. 
| Williams, consulting engineer; 441 pages, 5% by 8% 
| inches, clothbound; published by Conover-Mast Publica- 
tions Inc., New York; available from MACHINE DESIGN, 
$6.00 postpaid. 


Fundamental factors of acceleration, power, and 
work which govern the selection of proper power 
transmission equipment are covered in this book. 
| Written for the designer and operating engineer, the 
| text outlines principles upon which each type of me- 
chanical power transmission equipment functions, its 
performance characteristics, its advantages, and the 
types of drives to which it is best adapted. Merits 
of various drives are discussed and comparisons 
urawn. 


History of Strength of Materials. By Stephen P. Timo- 
shenko, professor of engineering mechanics, Stanford 
University; 462 pages, 6 by 9 inches, clothbound; pub- 
lished by McGraw-Hill Book Co. Inc.; New York; avail- 
able from MACHINE DESIGN, $10.00 postpaid. 





Written for those in the field of engineering me- 
chanics, this book is a thorough account of the de- 
velopment of the science of strength of materials. 
Portions of the histories of the theory of elasticity 
and theory of structures are also included. Major 
contributions of prominent scientists and engineers 
are related in brief biographies. : 


Engineering Drawing. By Frank Zozzora, associate pro- 
fessor of engineering drawing, University of Delaware; 
377 pages, 8% by 11 inches, clothbound; published by 
McGraw-Hill Book Co. Inc., New York; available from 
MACHINE DESIGN, $5.00 postpaid. 


This text is written for both the student and the 
practicing engineer. Lettering, orthographic pro}«c- 
tion, drawing instruments, geometrical constructious, 
dimensioning, sectioning, auxiliary views, and asse'n- 
bly drawing are among the subjects covered. Over 
700 illustrations are included throughout the book. A 
detailed appendix is included containing tables ad 
design information on commonly used fastening “¢ 
vices, classifications of fits, and other related matte's. 


Introduction to the Theory of Plasticity for Engineers- 
By Oscar Hoffman, professor of engineering mechanics, 
Case Institute of Technology, and George Sachs, research 
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How Much Can a Tough Tube Take? 


Plenty, if you’re talking about cold drawn 
seamless stee/ hydraulic tubing by Summerill. 
For we know how vital hydraulic tube per- 
formance can be. Whatever the product 
you’re making—machinery, jet engines, 
power transmission equipment, instruments 
or brakes—you’ve got to be sure that the 
tubing you use never fails. 

That’s why we actually pull apart sections 
of Summerill tubing many times a day... 
subject it to extreme hydraulic pressures and 


sharp angle bends . . . and go over every 
piece of tubing we ship with a micrometer to 
check its uniform dimensions. It’s all part of 
the close quality control we exert to make 
sure Summerill hydraulic tubing does a better 
job in your product. 

Let us show you how you can improve 
safety factors, maintain easy fabrication and 
eliminate on-the-job failures with stee/ tubing. 
© Summerill Tubing Company Div., Columbia 
Steel & Shafting Company, Pittsburgh 30, Pa. 


wad 4559 


IN COLD DRAWN SEAMLESS STEEL TUBING 


SPECIFY Ssenmed AND BE sure! 
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to 


ELECTRO- 
MECHANICAL 
ENGINEERS 


and 


DESIGNERS 


experience 


PRECISION 


DEVICES 


HUGHES RESEARCH 
AND DEVELOPMENT 
LABORATORIES 


one of the nation’s leading electronics 


organizations, is now creating a number 


of new openings for qualified electro- 


THE COMPANY 
The Hughes Laboratories, 
located in Southern Califor- 
nia, are presently engaged 
in the development and pro- 
duction of advanced radar 
devices, electronic com- 
puters and guided missiles. 


THE OPPORTUNITIES 
Opportunities are offered 
for men who will perform 
interesting work on devel- 
opment of intricate new 
devices in close association 
with outstanding scientists. 
Activities embrace a variety 
of challenging problems 
which require originality 
and afford unusual possibili- 
ties of progress in learning. 


FIELDS OF WORK 
The work includes such 
fields as those involving 


mechanical engineers and designers in 
4 important phases of its operations. 


Servo Mechanisms, Com- 
puters, Microwave Tubes, 
Pulse Circuitry, Solid-State 
Physics, Miniaturization, 
Antennas — Wave-guides, 
Heat Transfer, Hydraulics— 
Gyros, Test Equipment, 
Subminiaturization, Stress 
Analysis, Instrumentation, 
Structures, and Precision 
Production Mechanisms. 


YOUR FUTURE 
Working experience in ad- 
vanced techniques employ- 
ing the above fields will 
increase your value to the 
Company as it further ex- 
pands in development of 
electro-mechanical devices. 
Large-scale use of electroni- 
cally controlled systems in 
business and industry is a 
certainty within the next 
few years. 


How to apply 
Write today to address below, giving 


details of qualifications and experience. 


Assurance is required that any reloca- 
tion of an applicant will not cause dis- 
ruption of an urgent military project. 


Scientific 
and 
Engineering 


CULVER CITY 


HUGHES 


eee ee ee EE ES ee 


tee r 


LOS ANGELES COUNTY, CALIFORNIA 


The Engineer's Library 





professor, Syracuse University; 290 pages, 6 by 9 inches, 
clothbound; published by McGraw-Hill Book Co. Inc.. 
New York; available from MACHINE DESIGN, $6.50 post- 
paid. 


Behavior of ductile metals beyond the elastic range 
is treated in this text along with major engineering 
applications of the theory of plasticity. Basic theories 
of post-elastic characteristics are covered in the first 
part including stress and strain and their relation- 
ships. The second part of the book deals with prob- 
lems in plastic flow of ideally plastic materials. In 
the third part problems in plastic flow of strain-hard- 
ening materials are discussed. The final section is 
devoted to metal-forming processes. 


Association Publications 


Bibliography of Resistance Welding. RWMA Bulletin 
No. 17; 56 pages, 8% by 11 inches, paper cover; available 
from Headquarters of the Resistance Welder Manufac- 
turers Association, 1900 Arch St., Philadelphia 3, Pa., 
$1.25 per copy. 


This bibliography contains a comprehensive record 
of articles on all phases of resistance welding that 
have been published in the United States since 1946. 
Some articles before that date have also been in- 
cluded because of their continued value and im- 
portance. 


1953 Engineering College Research Council Review. 
342 pages, 6 by 9 inches, paperbound; available from 
Engineering College Research Council, 103 Mechanical 
Engineering Bldg., Pennsylvania State College, State Col- 
lege, Pa., $2.50 per copy. . 


Published by the Engineering College Research 
Council of the American Society for Engineering 
Education, this took is a review of approximately 
7500 current research projects as reported by 103 
engineering schools in the United States. Current 
member institutions of ECRC are included along with 
names ‘of administrative officials and research pol- 
icies for each school. 


New Standards 


ASTM Standards on Copper and Copper Alloys. 556 
pages, 6 by 9 inches, paper or clothbound; available 
from the American Society for Testing Materials, 1916 
Race St., Philadelphia 3, Pa.; $5.00 paperbound, $5.65 
clothbound. 


This 1963 edition includes 115 ASTM standards cov- 
ering 102 materials specifications and nine test meth- 
ods. Contents include copper, copper alloys, copper 
covered conductors, and various other forms of copper, 
such as sand and die castings. Slab zinc, pig lead, 
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EXTERNAL MOUNTING 
FEET eliminate need for 
conventional leaky mounting 
holes within the enclosure 


CAPTIVE SCREWS 


assure tight cover t 
} 
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WELDED TIGHT 
ENCLOSURE without knockouts 


PRENE GASKET 
excludes dirt, dust, oil, and 


NEO 
ve cover seal 
splashing coolant 


provides positi 


switch mechanism 


al industry enclosure has all the 
atures that have made Square D 
“first choice” for fifty years- 


The rugged, yisible-blade 


This new heavy duty switch, built to 
within the speci 


NEMA XxIl specifications, is “ tailor-made” for ap- 

plications requiring the exclusion of dirt, dust, performance fe 
oil and coolant. an overwhelming 
ELECTRICAL DISTRIBUTOR FOR SQUARE D propucts 


ask YOUR 








OF DESIGN LEADERSHIP - 1953 


, gre ER _ Be meee ale oe 


a] 


ae 


bia 
& 








Mierotomie 


the drawing pencil 
that holds up 


under pressure 













Smoothness... absolute uniformity... 
deep print clarity—you can virtually 
feel them in Eberhard Faber’s new 
Microtomic drawing pencil. And— 
under today’s pressure in the drafting 
room, few things are more important in 
a pencil. 


Representing the finest in Eberhard 
Faber research and development of 
drawing pencils, the Microtomic will 
stand the most rigid drafting room com- 
parison. Order some — test them — today. 


008 > 


spe gHaae 
FABER 


Only Microtomic gives you 
all these features 


Hi- DENSITY LEADS 


Lines are opaque to actinic rays 
of high speed ‘printers’. 


ABSOLUTELY UNIFORM 


Every Microtomic of the same 
degree marking is identical. 


NEW DUSK GRAY 


Scores of professional men 
acclaimed it the best color for a 
drawing pencil. 


BULL'S-EVYE DEGREE MARKING 


Easier to read... quicker to find 
—positive identification. 


ALSO — Choice of Holders and 
Microtomic Drawing Leads in all 
degrees. 


EBERMARD 
FABER 


| 
Dywe 


SS MICROTOMIC Van. 


~ 


usa < 


TRADEMARKS REG U.S PAT. OFF 


| 
| 
| 
| 


since 1849 | 











and other materials are treated in the nonferrous 
specifications. 


ASTM Standards on Plastics. 708 pages, 6 by 9 inches, 
paperbound; available from the American Society for 
Testing Materials, 1916 Race St., Philadelphia 3, Pa.; 
$5.25. 


Specifications, definitions, nomenclature and tests 
for commercial plastics are the subject material for 
the 135 standards that make up this volume. A wide 
range of molding compounds and materials made 
from these compounds are covered. Methods to deter- 
mine strength, hardness, thermal. and optical proper- 
ties of plastic materials along with miscellaneous sub- 
jects are included. 


. 


Small Solid Rivets. ASA B18.1-1953; 11 pages, 8% by 
11 inches, paperbound; available from American Society 
of Mechanical Engineers, 29 W. 39th St., New York 18, 
N. Y.; $1.00 per copy. 


Sizes, proportions and dimensions, fillet radii, toler- 
ances, ductility and hardness tests, and finishes of 
small solid rivets are covered in this report. Stand- 
ard types included are flat head, countersunk head, 
button head, pan head, truss head, tinners’, coopers’, 
and belt rivets. 


Manufacturers’ Publications 


Handbook of Noise Measurement. 124 pages, 8%, by 
11 inches, paperbound; available from General Radio Co., 
275 Massachusetts Ave., Cambridge 39, Mass.; $1.00 
postpaid. 


Measurement of noise and other sounds transmitted 
by an air medium—including definitions, standards, 
measuring equipment, measurement procedures, and 
interpretation of results—are covered in this publica- 
tion. Tables to convert decibels to power and pressure 
ratios and vice-versa are also provided. 


Government Publications 


NACA Technical Series. Each publication is 8 by 1' 
inches, paperbound, side-stapled; copies available fro 
National Advisory Committee for Aeronautics, 1924 F 
N.W., Washington 25, D. C. 


The following Technical Notes are available: 
2956. Creep-Buckling Analysis of Rectangular-Section Columns— 24 
pages. 

2963. Effect of Variation in Rivet Strength on the Average Stres* at 
Maximum Load for Aluminum-Alloy, Z-stiffened Compression Panels 
That Fail by Local Buckling—17 pages. 

2973. Effect of Prestraining on Recrystallization Temperature 4 
Mechanical Properties of Commercial, Sintered, Wrought Molybdenum 

25 pages. 
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HOW TO FILTER SWIMMING POOL WATER 


another successful product design 
with piping equipment by CRANE 


Keeping swimming pool operators happy—and swimmers healthy— 
is big business with R. P. Adams Co., Inc., of Buffalo, N. Y. For theirs 
is an outstanding and popular line of wate: filters such as type WFF 
shown above. 

In keeping with sound basic design, Adams’ engineers choose equip- 
ment of utmost dependability and low-cost maintenance. In piping 
materials, for example, they prefer Crane because of the traditional 
better quality and thrifty performance of Crane valves and fittings. 

Most design engineers know they need but turn to their Crane 
catalog to make piping specifications come easier. It’s their best 
guide to the biggest selection of valves and fittings for all applications 
... their best source of complete specification data...sizes and 
dimensions, temperature and pressure ratings, materials and con- 
struction. And more important, the Crane name on piping equipment 
puts an added mark of quality and value on product design. 


YOU'LL FIND IT HERE 
--- IN YOUR 
CRANE CATALOG 





THE BETTER QUALITY...BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 


Branches and Wholesalers Serving All Industrial Areas 
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Crane Wedge Disc Clamp Gate Valve... 
extra strong, extremely compact. Clamp 
design is ideal where frequent cleanout 
is essential. Bonnet assembly and disc 
lift out— body stays in the line. O.S.&Y., 
inside screw, and quick-opening pat- 
terns, all-iron or brass trimmed. Screwed 
or Flanged ends. Sizes up to 4 in. Work- 
ing pressures up to 150 p.s.i. saturated 
steam, 225 p.s.i. cold service. 





VALVES + FITTINGS © PIPE © PLUMBING + HEATING 
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BEARINGS 




























Lu bua NYLON 


Solve Many 
Bearing Problems 


e RESILIENCY RESISTS POUNDOUT e PERMIT DRY 
OPERATION « MINIMIZE ABRASION FAILURES e 
SILENT OPERATION @ LOWER FRICTION @ SUPERIOR 


CORROSION RESISTANCE @ OPERATE IN LIQUIDS e 
ELIMINATE FRICTION OXIDATION @ LIGHT WEIGHT 
@ DAMP MECHANICAL VIBRATION e@ EXTREMELY 
COMPACT @ CLOSE FITS & NON-CONTAMINATING e 
LOW COST e@ LONGER LIFE @ LESS MAINTENANCE 
@ BEARING SURFACE INSTANTLY REPLACEABLE 


*NYLINED Bearings have a highly engineered thin liner of 
DuPont Nylon, designed to bring bearing users the many bene- 
fits of Nylon as a bearing material by solving most of the 
limitations surrounding its use. 


For further information and the name of your local representative, write 


THOMSON INDUSTRIES, Inc. 









Also Manufacturers of BALL BUSHINGS... 
The Ball Bearing for Linear Motions 











NOTEWORTHY 


SELEcTIVE FLOW CONTROL for hydraulic sys- 
tems is afforded by a novel electromagnetic pump 
which incorporates a built-in four-way valve and gen- 
erates pressure by vibration. Dctailed in patent 2,- 
627,811, the pump designed by Anthony Van Ryan 
may be direct connected to a double-acting cylinder or 
other hydraulic components operating under similar 
flow requirements, eliminating the need for auxiliary 
valving usually employed. Pumping action is pro- 
duced by a modified shaded-pole ac motor having a 
vertical rotor mounted on a leaf spring; cyclic varia- 
tions in the alternating current impart a continual 
































Torsion spring 














vibratory reciprocating motion to the upper rotor 
shaft which extends into a fluid pressure chamber |o- 
cated at the top of the unit. Direction of fluid flow is 
controlled through a reduced section in the upper 
shaft which acts as a plug valve in a clever four-way 
porting arrangement. Valve position is a function of 
the voltage impressed on the rotor which acts against 
the limiting effect of a torsion spring attached to the 
bottom of the shaft. Under normal voltage no flow 
occurs; below normal voltage permits flow in one di- 
rection; and above normal voltage reverses the flow. 
The patent has been assigned to McGraw Electric Co. 


V ariABLe PRESSURE DEMANDS in hydraulic or 
pneumatic systems can be accurately met with a novel 
built-up rotary pump design assigned to Ellipse Corp. 
under patent 2,628,568. A wide range of output pres- 
sures is achieved through the use of interchangeable 
disk-shaped pumping units which can be “stacked” in 
series arrangements between two endplates to provide 
different multistage pumping combinations. Pumping 
action of each unit is produced by a sliding-vane rotor 
driven in an elliptical stator opening by a splined drive 
shaft. Separator plates mounted between the units 
guide the fluid flow. Positioning and locking of the 
units is accomplished by tiebolts which extend the 
length of the assembly, facilitating assembly and main- 
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It pays to “shop around” before you 
make your power transmission or conveyor chain 
selections. Because, in order to get the most for your 
money, you need the right chain for your designs. 
For example, a precision-finished roller chain is 
ideal for high speed drives. But, roller chain is not 
the economical, efficient choice for slow speed, 
heavy-duty service. A heavy-duty steel or cast chain 
may be your answer here. That’s why it will pay 
you to “shop” through the complete Chain Belt line 
before you make your choice. There’s a size and 
type to fit any power transmission or conveyor need. 











window shopping costs nothing... 
can save you letity 





Don’t be handicapped by relying ona supplier with 
a limited line to answer all your needs. It may cost 
you more...may handicap the expected perform- 
ance of your machines. 

Your Chain Belt Field Sales engineer will be 
happy to assist you in making the exact chain selec- 
tion that best fits your requirements. He is not 
prejudiced by the limitations inherent in an incom- 
plete chain line...can recommend the chain that 
will give you the service you want...at the lowest 
possible cost. For complete information or engi- 
neering assistance, mail the coupon. 


Chain Bell company of mitwaukeEE 


CHAIN BELT COMPANY 53-503 
4643 W. Greenfield Ave., Milwaukee 1, Wis. 
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Gentlemen: 
Please send me information on Rex and Baldwin-Rex chains 


(C0 For Power Transmission [J For Conveying [J For Tension Linkages 
(C0 Slide rule drive selector for slow to medium speeds 
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Noteworthy Patents 











tenance. Design of the pump minimizes the effect of 
vane wear. Several rotor modifications for different 
operating requirements are also shown. Inventor of 
the pump is Marvin L. Rhine. 
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Aw GULAR MISALIGNMENT COMPENSATION for 
connected shafts is afforded by a lightweight flexible 
coupling assigned to U. S. Universal Joints Co. by 
| Frederick M. Guy. Described in patent 2,629,991, the 
| coupling uses a bonded construction which consists of 
| 

























a central resilient rubber or synthetic section make up 
in the form of a cross and four pie-shaped, hollow alu- 




















minum segments. Compact and light, the design of 
the coupling permits maximum freedom of the re- 
silient section to accommodate angular displacements 
of the connected members. Interlocking teeth on the 
metallic and rubber elements facilitate bonding and 
the coupling construction simplifies assembly and in- 
stallation. 





CULLMAN 
CHAIN and SPROCKETS 
Stock and Special 


@ ROLLER CHAIN 
@ CONVEYOR CHAIN 
| Euan STRESS DISTRIBUTION in a spoke 
construction for built-up belt pulleys increases load 
Throughout a constantly expand- capacity over conventional types. Applicable to all 
ing field of industrial uses—at high types of materials, the pulley construction described 
or low speeds, under lightorheavy J sin patent 2,631,461 employs a special socket joint at 
loads—Cullman power transmis- the rim, reinforced by a riveted plate, to distribute the 
sion, components function dependably at full-rated | forces imposed by belt loads. Leverage action trans- 
ew. mits abnormal forces to the center of the pulley, pre- 


Whether your plant is large or small, and your require- : : ; ; 
ments may run into thousands or a single unit, the stress venting damage to the rim. Inventor is John Herr) 
Duxbury, Manchester, England. 


of today’s unusual economy demands an economical, 
trouble-free power transmission program. 

For more than a half-century Cullman has cooperated 
with manufacturers everywhere, in the development of 
low operating costs as a.sound solution to their power A IR LUBRICATION is utilized for high speed op- 
transmission problems. eration in a novel oilless sleeve bearing described in 
WRITE TODAY for full particulars or see your patent 2,627,443. Designed for electric motor appli as 


local Cullman distributor. tions, the bearing employs in combination a stainless 
steel shaft and a slightly oversize graphitized carbon 


| sleeve. With a relative surface speed in excess of 
| 1200 feet per minute and a loading of approximat:'y 


© GRIP-MASTER SPROCKETS 
@ FLEXIBLE COUPLING 





1/6 psi, the ambient air film acts as a fluid wedge ‘0 
HAI | separate the rotating surfaces. Successful operation 
aeemeeies N and SPROCKETS | without oil in a motor running at 21,000 rpm ‘or 
i ication, 
CULLMAN WHEEL COMPANY 500 hours has been east Boundary nme ~ 

1336 ALTGELD STREET ° CHICAGO 14, ILLINOIS to prevent scoring during overload, is provided by 
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Undivided Responsibility 


From the time the surgeon grasps the 
scalpel until the last stitch closes the 
incision, he alone has complete re- 
sponsibility for the success of the 
operation ...and often the life of 
the patient. Because of the surgeon’s 
specialized knowledge, no patient 
would think of having it otherwise. 

Undivided responsibility is impor- 
tant in hydraulics, too. This is a 
significant benefit you derive from 
specifying Vickers Hydraulics. Since 
1921, Vickers has accumulated a great 
store of specialized knowledge in hy- 
draulics ...and the line of equip- 
ment is so complete that Vickers is 


in position to take UNDIVIDED 


i 


RESPONSIBILITY. There is no risk 
of incompatibility of equipment and 
Vickers Application Engineers know 
how to combine components for opti- 
mum operation. 

This is another of the many bene- 
fits you receive when you specify 
Vickers Hydraulics. 


MICKERS Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1430 OAKMAN BLVD. e DETROIT 32, MICH. 





Application Engineering Offices: ATLANTA 
CHICAGO (Metropolitan) « CINCINNATI 
CLEVELAND e« DETROIT «¢ HOUSTON 
LOS ANGELES (Metropolitan) « NEW YORK 
(Metropolitan) e PHILADELPHIA e PITTSBURGH 
ROCHESTER e« ROCKFORD e SEATTLE ¢ TULSA 
WASHINGTON ¢ WORCESTER 





ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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Curtis Build-Up 
Terminal Block Kit 


Triple“M” Knows Plastics 


for Electrical Functions 


. and in helping Curtis produce better 
Terminal Blocks MMM meets rigid require- 
ments for Insulating Properties, Dielectric 
Strength, Impact Resistance, Dimensional 
Stability, and Uniformity. This ability to 
meet Performance, Quality, and Delivery 
“Musts” is an asset to manufacturers using 
Feed Thru Terminal Triple “M” Molded Electrical Components. 

Blocks—Type FT We'd like to discuss YOUR component needs. 
Use the coupon; no obligation. 






Compression and Injection Molded 
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Noteworthy Patents 





graphitized carbon. The patent has been assigned 
to General Electric Co. by Howard I. Becker. 


Ovenrtoap TORQUE PROTECTION for rotating 
connections, regardless of direction of rotation, is of- 
fered by the clutch described in patent 2,631,444. De- 
signed by Harry C. Hollinger, the clutch may be pre- 
adjusted to disengage automatically when a specified 
limiting load value is exceeded. In normal operation, 
the driving member transmits torque through spring- 
loaded pistons with spherical ends which engage mat- 
ing depressions in a flange on the driven member. 
When the load becomes excessive, the pistons act as 
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detents and ride over the depressions in the flange, 
causing the clutch to slip until the loads return to nor- 
mal. Adjustment of the piston spring pressure, which 
is accomplished with a threaded nut and does not re- 
quire disassembly, determines the disconnect load. 
Design of the clutch prevents unbalanced thrust con- 
ditions and permits the members to be used inter- 
changeably for driving. Assignee of the patent is 
A. B. Farquhar Co. 


Eecrromacnetic FLOW CONTROL for high- 
pressure hydraulic systems is provided by a valve cov- 
ered in patent 2,631,612. An invention of Wilbert C. 
Buescher, the valve is designed for normally closed op- 
eration at pressures of 3000 psi and over. Fluid fiow 
is controlled by a spring-loaded disc actuated by an 
electromagnetic coil; when the coil is energized the 
disc lifts and opens the valve. Design of the valve 
minimizes the magnetic force necessary for operation 
and reduces deterioriation of the valve seat commonly 
encountered at high pressures due to the high closure 
forces required. The patent has been assigned t0 
General Controls Co. 


P ISTON RING EXPANSION is accomplished wit) 4 
clever sheet metal construction in the design described 
in patent 2,631,073. Assigned to Perfect Circle Corp. 
by John F. Shirk, the piston ring is made up from 4 
continuous punched strip which is wound in the form 
of a helix. High circumferential expansion is achic' ved 
by the helical design which also readily conforms to 
the cylinder bore in operation. A modification using 
a different punched pattern is also shown. 
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